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PRE  FACE 


The  object  of  the  following  Work  differs  from  that  of 
all  other  works  on  popnlax  science  in  its  attempt  to 
meet  the  wants  of  the  Student,  while  meeting  those  of 
the  general  reader,  who  is  supposed  to  be  wholly  un- 
acquainted with  anatomy  and  physiology.  The  many 
excellent  Treatises  which  exist  are  only  suited  to  the 
advanced  student ;  they  assume  a  knowledge,  and  a 
fieu^ility  of  apprehension,  which  can  only  issue  from  a 
practical  familiariiy  with  the  subjects. 

The  remembrance  of  my  own  wants  and  difficulties 
led  me,  many  years  ago,  to  the  belief  that  the  work 
which  was  really  the  most  suitable  for  general  culture, 
would  also  be  of  material  assistance  to  the  Student 
Accordingly,  although  there  are  many  topics,  interest- 
ing and  important  to  the  physiologist,  which  find  no 
place  in  this  work,  because  they  are  without  the  range 
of  general  culture  I  have  done  my  best  to  render 
the  exposition,  of  all  the  topics  selected,  on  a  level 
with  the  science  of  our  day. 


Vi  PREFACE. 

In  pursuance  of  this  object  I  have  been  forced  to 
depart  very  widely  from  the  practice  of  other  popu- 
lar writers,  who  consider  themselves  bound  to  act  as 
"middle-men"  between  scientific  authorities  and  the 
public,  and  to  expound  facts  and  doctrines  as  they 
find  them.  I  could  not  adopt  this  easy  and  conve- 
nient plan.  I  could  not  bring  myself  to  publish,  on 
the  authority  of  respected  names,  statements  which  I 
knew  to  be  false,  and  opinions  which  I  believed  to  be 
erroneous.  After  having  laboured  eamestiy  to  get 
at  the  truth,  it  would  have  been  disloyal  to  contri- 
bute in  any  way  to  the  spread  of  what  I  believed  to 
be  error.  All  that  I  felt  bound  to  do,  was  to  state 
impartially  the  facts  and  opinions  current  among 
physiologists  ;  and,  when  those  opinions  seemed 
inadmissible,  to  state  the  reasons  for  their  rejection. 
There  is  therefore  a  great  deal  of  criticism,  and  much 
original  matter  in  this  work. 

It  is  in  the  chapters  on  the  Nervous  Sjrstem  that 
the  greatest  amount  of  dissent  from  current  opinions 
will  be  found  ;  and  it  is  there  that  the  reader  will 
most  probably  feel  the  greatest  difiSculiy  in  agreeing 
with  me,  especially  if  he  be  versed  in  the  doctrines  of 
the  schools,  and  not  very  familiar  with  the  subjects 
through  direct  observation  and  experiment  I  can 
only  say  that  the  views  there  put  forth  are  the  result 
of  very  considerable  research,  embracing  molluscs, 


PREFACE.  Vii  ^ 

bees,  beetles,  spiders,  locusts,  crabs,  fishes,  frogs, 
tritons,  lizards,  chickens,  moles,  mice,  rats,  cats, 
dogs,  sheep,  pigs,  calves,  oxen,  and  men. 

The  literature  of  each  subject  has  been  given  with 
as  much  falness  as  seemed  useful;  and  never  at 
secondhand,  unless  specially  acknowledged.  The 
deficiencies  in  this  respect  will  be  found  greatest  in 
the  English  department ;  the  reason  of  which  is  that 
my  purse  is  not  long  enough  to  command  the  Trans- 
actions, Joumalsi,  and  Beviews  in  which  my  country- 
men have  recorded  their  labours ;  and  1  have  not 
the  advantage  of  commanding  a  public  library.  It 
has  been  my  desire  to  render  every  one  his  due; 
but  of  course  a  great  many  claims  have  been  passed 
over  in  ignorance. 
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CHAPTER  I. 


HUNGER   AND   THIBST. 

InoonliTes  to  action — Gauw  of  hunger :  waste  and  repair  of  the  body— 
Periodicity  of  hunger— Comparison  of  the  oi^ganism  with  a  steam- 
engine  inaccurate — ^The  blood  of  starving  men— Starvation — Oases  of 
prolonged  fiuBting  in  animals — Fabulous  stories  of  long  &sting  in  men 
and  women — Aspects  of  starvation — The  parts  of  the  body  which 
first  disappear  in  starvation— Sleeplessness  of  starring  men — Agonies 
of  starvation — Pathetic  stories— The  sensation  of  hunger,  and  its 
cause— Hunger  as  a  general,  and  as  a  local,  sensation — ^ThirBt  as 
a  sensation — Cause  of  thirst — Necessity  of  water  in  the  organism, 
and  oonsequencee  of  defidency — ^Thirst  as  a  mode  of  torture — Story 
of  the  Black  Hole  of  OEdcutta— How  to  quench  thirst— The  drink  of 
animals — £ffecta  of  thirst. 

Hunger  is  one  of  the  beneficent  and  terrible  instincts. 
It  is,  indeed,  the  very  fire  of  life,  underlying  all  im- 
pulses to  labour,  and  moving  man  to  noble  activities 
by  its  imperious  demands.  Look  where  we  may,  we 
see  it  as  the  motive  power  which  sets  the  vast  array  of 
human  machinery  in  action. 
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2  HUNGER  AND  THIB8T. 

It  is  Hunger  which  brings  these  stalwart  navvies 
together  in  orderly  gangs  to  cut  paths  through  moun- 
tains, to  throw  bridges  across  rivers,  to  intersect  the 
land  with  the  great  iron  ways  which  bring  city  into  daily 
communication  with  city.  Hunger  is  the  invisible  over- 
seer of  the  men  who  are  erecting  palaces,  prison-houses, 
barracks,  and  villas.  Hunger  sits  at  the  loom,  which 
with  stealthy  power  is  weaving  the  wondrous  fabrics  of 
cotton  and  silk  Hunger  labours  at  the  furnace  and 
the  plough,  coercing  the  native  indolence  of  man  into 
strenuous  and  incessant  activity.  Let  food  be  abun- 
dant and  easy  of  access,  and  civilisation  becomes  im- 
possible: so  indissolubly  dependent  are  our  higher 
efforts  on  our  lower  impulses.  Nothing  but  the  neces- 
sities of  food  will  force  man  to  that  labour  which  he 
hates,  and  will  always  avoid  when  he  can.  And  although 
this  seems  obvious  only  when  applied  to  the  labouring 
classes,  it  is  equally  though  less  obviously  true  when 
applied  to  all  other  classes,  for  the  money  we  all  labour 
to  gain  is  nothing  but  food,  and  the  surplus  of  food, 
which  wiU  buy  other  men's  labour.    ^ 

Hunger,  although  beneficent,  is  no  less  terrible.  When 
its  progress  is  unchecked,  it  becomes  a  devouring 
flame,  destroying  all  that  is  most  noble  in  man«  Hun- 
ger is  a  stimulus  to  crime,  no  less  than  to  honest 
labour.  It  wanders  through  dark  alleys,  whispering 
desperate  thoughts  into  eager  ears ;  and  it  maddens 
the  shipwrecked  crew  till  they  cast  away  all  shame,  all 
pity,  all  desire  of  respect,  and  perpetrate  deeds  which 
cannot  be  mentioned  without  horror.    Hunger  subju- 
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gates  the  humaiiity  in  man,  and  makes  the  brute  pre^ 
dominate.  Impelled  by  this  ferocious  instinct,  men 
have  eaten  their  companions,  and  women  have  even 
eaten  their  own  children.  Hunger  has  thus  a  two-^ 
fold  character :  beside  the  picture  of  the  actiyities  it 
inspires,  we  must  also  contemplate  the  picture  of  the 
ferocities  it  evokes. 

What  is  this  Hunger — ^what  its  causes  and  effects? 

In  one  sense  we  may  all  be  said  to  know  what 
Hunger  is  ;  in  another  sense  no  man  can  enlighten  us  ^ 
we  have  all  felt  it,  but  Science  as  yet  has  been  unable 
to  furnish  any  sufficient  explanation  of  it.  Between 
the  gentle  and  agreeable  stimulus  known  as  Appetite, 
and  the  agony  of  Starvation,  there  are  infinite  grada- 
tions. The  early  stages  are  familiar  even  to  the 
wealthy ;  but  only  the  very  poor,  or  those  who  have 
undeigone  exceptional  calamities,  such  as  shipwreck 
and  the  like,  know  anything  of  the  later  stagea  We 
all  know  what  it  is  to  be  hungry,  even  very  hungry ; 
but  the  terrible  approaches  of  protracted  hunger  are 
exceptional  experiences.  From  materials  ftimished  by 
sad  experiences,  both  fiftmiliar  and  exceptional,  I  will  en- 
deavour to  state  the  capital  phenomena  and  their  causes. 

And  first  we  must  explain  what  is  meant  by  a 
tissue^  as  the  word  will  be  of  constant  recurrence  in 
these  pages.  Previous  to  the  time  of  Bich&t,  who  may 
be  oalled  tiie  founder  of  philosophical  anatomy,  the 
body  was  considered  as  made  up  of  various  parts  or 
organs ;  when  these  parts  had  been  enumerated,  the 
task  of  description  was  over.     Bioh&t  flashed  light 
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upon  the  science  when  he  showed  that  the  organs 
themselves  were  made  up  of  various  tissues,  or  elemen- 
tary structures,  each  of  which  preserved  its  character- 
istic properties  in  whatever  part  of  the  body  it  might 
be  found.  Thus  the  heart,  forinstance,  is  an  organ 
constructed  out  of  muscular  tissue,  connective  tissue, 
nervous  tissue,  and  adipose  tissue — each  of  these  tissues 
m^tnifesting  the  same  properties  in  the  heart  which  it 
manifests  in  every  other  organ ;  just  as  the  various 
substances  out  of  which  a  ship  is  constructed — ^wood, 
hemp,  copper,  iron,  tar,  &c. — preserve  their  characteris- 
tic properties,  though  the  wood  may  be  rudder,  deck,  or 
mast,  and  the  iron  anchor,  nail,  or  cable. 

The  tissues  are    the  elementary  portions  of  the 
animal  fabric  ;  and  a  distinct  branch  of  the  science  is 
devoted  to  their  study  under  the  name  of  Histology, 
also  called  Oenerdl  Anatomy.    The  organism  is  com 
posed  of  organs,  and  the  organs  of  tissues. 

I.  The  Cattse  op  HuKaEB. — ^In  every  living  oigan- 
ism  there  is  an  incessant  and  reciprocal  activity  of 
wa^  and  repair.  The  living  fabric,  in  the  very 
actions  which  constitute  its  life,  is  momently  yielding 
up  its  particles  to  destruction,  Uke  the  coal  which 
is  burned  in  the  furnace :  so  much  coal  to  so 
much  heat,  so  much  waste  of  tissue  to  so  much  vital 
activity.  You  cannot  wink  your  eye,  move  your  finger, 
or  think  a  thought,  but  some  minute  particle  of  your 
substance  must  be  sacrificed  in  doing  so.  Unless  the 
coal  which  is  burning  be  from  time  to  time  replaced, 
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the  fire  soon  smoulders,  and  finally  goes  out;  unless 
the  substance  of  your  body,  which  is  wasting,  be  from 
time  to  time  famished  with  firesh  food.  Life  flickers,  and 
at  length  becomes  extinct. 

Hunger  is  the  instinct  which  teaches  us  to  replenish 
the  empty  furnace. 

But  although  the  want  of  food,  necessary  to  repair 
tlie  waste  of  life,  is  the  primary  cause  of  Hunger,  it 
does  not,  as  is  often  erroneously  stated,  in  itself  con-" 
stitute  Hunger.  The  absence  of  necessary  food  causes 
the  sensation,  but  it  is  not  itself  the  sensation.  Food 
may  be  absent  without  any  sensation,  such  as  we  ex- 
press  by  the  word  Hnnger,  being  fdt :  insane  people 
firequeudy  subject  themselves  to  prolonged  abstinence 
from  food,  without  any  hungry  cravings;  and,  in  a 
lesser  degree^  it  is  familiar  to  us  all  how  any  violent 
emotion  of  grief  or  joy  will  completely  destroy,  not 
only  the  sense  of  Hunger,  but  our  possibility  of  even 
swallowing  the  food  which  an  hour  before  was  crav- 
ingly  desired.  Further,  it  is  known  that  the  feeling 
of  Hunger  may  be  allayed  by  opium,  tobacco,  or  even 
by  inorganic  substances  introduced  into  the  stomach, 
although  none  of  these  can  supply  the  deficiency  of 
food.  Want  of  food  is  therefore  the  primary,  but  not 
the  |>rai?wiia^,  cause  of  Hunger.  I  am  using  the  word 
Himger  in  its  popular  sense  here,  as  indicating  that 
specific  sensation  which  impels  us  to  eat ;  when  the 
subject  has  been  more  fully  unfolded,  the  reader  will 
see  how  far  this  popular  sense  of  the  word  is  applicable 
to  all  the  phenomena 
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We  can  now  understand  -why  Hunger  should  recur 
periodically,  and  with  a  frequency  in  proportion  to  the 
demands  of  nutrition.  Young  animals  demand  food 
more  frequently  than  the  adult ;  birds  and  mammalia 
more  frequently  than  reptiles  and  fishes.  A  lethargic 
boa-constrictor  will  only  feed  about  once  a-month,  a 
lively  rabbit  twenty  times  arday.  Temperature  has 
also  its  influence  on  the  frequency  of  the  recurrence  : 
cold  excites  the  appetite  of  waim-blooded  animals,  but 
diminishes  that  of  the  cold-blooded,  the  majority  of 
which  cease  to  take  any  food  at  the  temperature  of 
freezing.  Those  warm-blooded  animals  which  present 
the  curious  phenomenon  of  "winter  sleep,"  resemble 
the  cold-blooded  animals  in  this  respect ;  during  hyber- 
nation they  need  no  food,  because  almost  all  the  vital 
fictions  are  suspended.  It  is  found  that,  at  the  tempe- 
rature of  freezing,  even  digestion  is  suspended.  Hunter 
fed  lizards  at  the  commencement  of  winter,  and  from 
time  to  time  opened  them,  without  perceiving  any  in- 
dications of  digestion  having  gone  on ;  and  when  spring 
returned,  those  lizards  which  were  still  living,  vomited 
the  food  which  they  had  retained  undigested  in  their 
stomachs  during  the  whole  winter.* 

Besides  the  usual  conditions  of  recurring  appetite, 
there  are  some  unusual  conditions,  depending  on  peou-? 
liarities  in  the  individual,  or  on  certain  states  of  the 
organism.  Thus  during  convalescence  after  some  mal- 
adies, especially  fevers,  the  appetite  is  almost  incessant ; 
and  Admiral  Byron  relates  that,  after  suffering  from  a 
month's  starvation  during  a  shipwreck,  he  and  his  com- 

*  HuinxB:  Ob$ervaliottt  on  Certain  Parts  of  the  Animal  Ecomomjf. 
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panionB,  when  on  shore,  were  not  content  with  gorg- 
ing themselYes  while  at  table,  but  filled  their  pockets 
that  they  might  eat  during  the  intervals  of  meala  In 
certain  diseases  there  is  a  Graying  for  food  which  no 
supplies  allay  ;  but  of  this  we  need  not  speak  hera 

The  animal  body  is  often  compared  with  a  steam- 
eiKgine,  of  which  theybod  is  ike  fuel  in  the  furnace, 
famishing  the  motor-power.  As  an  illustration,  this 
may  be  acceptable  enough,  but,  like  many  other  illus- 
trations, it  is  often  accepted  for  a  real  analogy,  a  true 
eicpression  of  the  facta  As  an  analogy,  its  failure  is 
conspicuous.  No  engine  bums  its  ovm  svbstcmce  as 
fuel:  its  motor-power  is  all  derived  from  the  coke 
which  is  buming  in  the  furnace,  and  is  in  direct  pro- 
portion to  the  amount  of  coke  consumed ;  when  the 
coke  is  exhausted,  the  engine  stopa  But  every  organ- 
ism consumes  its  own  body :  it  does  not  bum  food, 
but  tissuei  The  fervid  wheels  of  life  were  made  out  of 
food,  and  in  their  action  motor-power  is  evolved. 

The  difference  between  the  organism  and  the  me- 
ehanism  is  this  :  the  production  of  heat  in  the  organ- 
ism is  not  the  cavse  of  its  activity,  but  the  resvU  of  it ; 
whereas  in  the  mechanism,  the  activity  originates  in, 
and  is  sustained  by,  the  heat  Bemove  the  coals  which 
generate  the  steam,  and  you  immediately  arrest  the 
action  of  the  mechanism  ;  but  long  after  all  the  food 
has  disappeared,  and  become  transformed  into  the  solids 
and  liquids  of  the  living  fabric,  the  organism  continues 
to  manifest  all  the  powers  which  it  manifested  before. 

There  is  of  course  a  limit  to  this  continuance,  inas^ 
much  as  vital  activity  is  dependent  on  the  destmction 
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of  tissue.  The  man  who  takes  no  food,  lives,  like  a  spend- 
thrift, on  his  capital,  and  cannot  survive  his  capital  He 
is  observed  to  get  thin,  pale,  and  feeble,  because  he  is 
spending  without  replenishing  his  coffers ;  he  is  gradu- 
ally impoverishing  himself,  because  life  is  waste. 

IL  The  Effects  of  Httnger — In  a  future  chapter 
we  shall  inquire  minutely  into  the  structure  and  com- 
position of  the  Blood  ;  for  the  present,  it  must  suffice 
"'•  '•  to  say  that  the  Blood  car- 

ries in  its  current  certain 
bodies  called  blood-discs, 
which  perform  the  chief 
part  in  nutrition.  They 
are  of  two  kinds,  the  red 
and  the  colourless.  Here 
is  the  figure  of  the  red 
discs,  as  seen  under  the 
microscope. 

If  we  examine  the  blood  of  a  starving  man,  we  shall 
find  its  elementary  composition  to  be  precisely  similar 
to  that  of  the  same  man  in  his  healthy  state,  but  the 
proportions  of  that  composition  will  be  greatiy  altered ; 
the  discs — which  have  been  denominated  the  nutritive 
solids  of  the  blood — ^are  much  diminished  in  quantity, 
and  all  its  inorganic  constituents,  which  are  the  pro- 
ducts of  destroyed  tissues,  are  much  increased.  In 
fact,  these  inorganic  products,  like  the  pawn-tickets 
found  in  the  spendthrift's  desk,  are  significant  of  the 
extravagance  and  the  poverty  which  point  to  ruin. 


Blood-Discs. 
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We  cannot  say  how  long  such  a  spendthrift  life  may 
ooBtinue,  became  Time  has  no  definite  relation  to  the 
phenomena  of  starvation ;  these  phenomena  depend  on 
certain  specific  changes  going  on  in  the  body,  which 
may  occur  with  indefinite  rapidity.  Within  the  same 
period  of  time  the  whole  cyde  ofduinge  necessary  for 
destruction  may  have  completed  itself,  or  only  a  few 
of  the  stages  in  this  cycle  may  have  been  gone  through : 
a  man  under  certain  conditions  will  not  survive  sis 
days'  fasting,  and  under  other  conditions  he  will  sur* 
vive  six  weeks'. 

But  if  we  cannot  with  any  precision  say  how  long 
starvation  will  be  in  effecting  its  fatal  end,  we  can  say 
how  much  waste  is  fatal.  From  the  celebrated  experi- 
ments of  Chossat  on  Inanition,*  it  appears  that  death 
arrives  whenever  the  waste  reaches  an  average  propor- 
tion of  two-fifths.  That  is  to  say,  supposing  an  animal 
to  weigh  100  lb,  it  will  succumb  when  its  weight  is 
reduced  to  60  lb.  life  may  of  course  cease  before 
that  point  is  reached,  but  cannot,  in  ordinary  circum- 
stances, be  prolonged  after  it. 

The  average  loss  which  can  be  sustained  is  40  per 
cent ;  sometimes  the  loss  is  greater,  especially  if  the 
animal  be  very  fat :  thus  in  the  Transactions  of  the 
LinncBctn  Society,  a  case  is  reported  of  a  fat  pig  which 
was  buried  under  thirty  feet  of  chalk  for  one  hundred 
and  sixty  days ;  his  weight  fell  in  that  period  no  less 
than  75  per  cent  Curiously  enough,  as  an  illustration 
of  what  was  just  said  respecting  Time  not  being  an 

*  Chossat  :  JUektrcku  Exptrimentaiis  iur  CInanition,    1843. 
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index  of  the  amonnt  of  change,  fishes  and  reptiles 
were  found  by  Ohossat  to  perish  at  precisely  the 
same  limit  of  weight  as  that  at  which  warm-blooded 
animals  perished,  but  they  required  a  period  three-and- 
twenty  times  as  long  to  reach  it  in :  thus  if  the  experi- 
ment be  performed  of  starving  a  bird  and  a  frog  during 
the  warm  weather,  although  both  will  perish  when  their 
loss  of  weight  reaches  40  per  cent,  the  one  will  not 
surviye  a  week,  the  other  will  survive  three-and-twenty 
weeka 

It  appears  from  Chossat's  observations  that  the  ani- 
mal body  daily  wastes  one  twenty-fourth  of  its  en- 
tire weight ;  and  this  accords  veiy  closely  with  the 
e3q)eriments  of  Bidder  and  Schmidt,  which  show"  that 
the  animal  requires  at  least  one  twenty-third  of  its 
entire  weight  in  daily  assimilable  food,  otherwise  it 
will  lose  in  substance* 

IIL  Peolgnqed  Fabtikg. — Having  clearly  fixed 
these  prindples,  we  may  proceed  to  consider  the  many 
remarkable  cases  o{  prolonged  fasting  which  appeal  to 
the  credulity  Of  the  public,  and  which  find  a  place  even 
in  very  grave  treatises,  as  well  as  in  the  less  critical 
columns  of  newspapers.  Are  we  to  believe  these  mar- 
vels, or  reject  them  ?  and  on  what  grounds  are  we 
justified  in  rejecting  them  ?  Such  questions  the  reader 
will  frequently  be  called  upon  to  answer ;  and  as  a 
contribution  towards  the  formation  of  a  definite  and 
philosophical  judgment,  here  are  some  of  the  most 

•  Bidder  ti.  Schmidt  :  J>ie  V^rdawtingstilifUund  der  Stqffi»eekt0l^  1852. 
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Qttikiiig  cases  on  record,  and  the  physiological  prin- 
ciples impUed  in  them. 

The  hnman  body  is  in  many  respects  so  different 
from  that  of  animals,  especially  in  its  complexity,  that 
we  can  draw  no  very  accurate  conclusion  from  their 
powers  of  endnring  abstinence  ;  but  after  all,  the  dif- 
ferences will  only  be  differences  of  degree,  and  the 
same  physiological  laws  must  regulate  both,  so  that 
we  may  be  certain  of  the  effect  of  abstinence  on  man 
not  being  essentially  dissimilar  to  that  on  all  other 
warm-blooded  animals. 

Let  us  therefore  first  see  how  the  case  stands  with 
animals.  The  experiments  of  Pommer  establish  that 
camiTorous  animals  resist  starvation  longer  than  the 
herbivorous ;  birds  of  prey  longer  than  birds  feeding 
on  seeds  and  fruits. 

I  think  we  might  a  priori  have  deduced  this  con- 
clusion from  the  known  differences  in  the  intervals  of 
recurring  Hunger,  and  in  the  different  quantities  of 
food  eaten  by  the  two  classea  The  carnivorous  animal 
eats  voraciously  when  food  is  within  reach,  but  having 
satisfied  his  appetite,  he  remains  several  hours  before 
again  feeling  hungiy;  and  in  a  state  of  nature  the 
intervals  between  his  meals  are  necessarily  variable, 
and  often  much  prolonged,  because  his  food  is  neither 
abundant  nor  easy  of  accesa  The  herbivorous  animal, 
on  the  other  hand,  has  his  food  constantly  within 
reach,  and  is  almost  always  eating,  because  an  enor- 
mous amount  of  v^etable  food  is  needed  to  furnish 
him  with  sustenanca    The  lion,  or  the  cat,  becomes 
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inured  to  long  abstinence ;  the  rabbit  or  the  cow 
scarcely  knows  the  feeling.  It  is  clear,  therefore,  that 
the  one  will  better  endure  long  fSeisting  than  the  other. 

Chossat's  experiments  on  eight-and-forty  birds  and 
animals,  show  that  the  ayerage  duration  of  life  ex- 
ceeded nine  days  and  a  half — ^the  maximum  being 
twenty  days  and  a  half,  the  minimum  a  little  more 
than  two  days. 

The  young  always  die  firsts  the  adult  before  the 
aged ;  this  is  true  of  men  as  of  animals. 

Some  of  the  simpler  animals  exhibit  remarkable 
powers  of  enduranca  I^treille  pinned  a  spider  to  a 
cork,  and  after  four  months  found  it  still  alive.  Baker 
kept  a  stag-beetle  three  years  in  a  box  without  food, 
and  at  the  end  of  that  period  it  flew  away.  Miiller 
relates  that  a  scorpion  not  only  survived  the  voyage 
from  Africa  to  Holland,  but  continued  without  food  for 
nine  months  afterwards.  Rondelet  kept  a  fish  three 
years  vdthout  food,  and  Rudolphi  a  Proteus  anguineus 
five  years !  Snakes,  we  know,  live  for  many  months 
without  eating ;  and  Bedi  found  that  a  seal  lived,  out 
of  water  and  without  food,  four  weeks. 

In  all  these  cases,  except  that  of  the  fish  kept  by 
Rondelet,  the  animals  were  quiescent,  and  did  not  waste 
their  substance  by  the  ordinary  activities ;  and  with 
regard  to  the  fish,  some  doubts  may  be  entertained 
whether  it  did  not  find  worms  and  larvffi  in  the  water. 

Passing  from  animals  to  man,  we  find  that  death 
arrives  on  the  fifth  or  sixth  day  of  total  abstinence  from 
food  and  drink.  But  this  is  a  general  statement  to  which 
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▼arioufl  exertions  may  be  named.  Much  depends  on 
the  peculiar  constitution  of  the  individual,  his  age, 
health,  and  other  conditiona  Some  die  on  the  second 
and  third  days ;  others  snrviye  till  the  tenth,  eleventh, 
and  even  sixteenth  days.  Again,  considerable  dif- 
ferences will  result  from  the  dififeremt  situations  in 
which  the  men  are  placed — such  as  those  of  quiescence 
or  activity,  of  temperature,  moisture,  &a 

The  examples  of  protracted  fasting  recorded  are,  as 
usual,  deficient  for  the  most  part  in  that  rigorous 
authenticity  which  is  demanded  by  science  *  many  of 
them  are  obviously  fitbulous  exaggerations.  M.  B^rard 
has  borrowed  the  following  from  Haller,  adding  some 
cases  which  came  under  his  own  knowledge.  I  give 
them  as  specimens — not  as  data. 

*'  A  young  girl,  ashamed  to  confess  her  poverty,  went 
without  food  for  seventy-^ight  days,  during  which  she 
only  sucked  lemons. 

"  Another  woman  of  the  same  place  remained  four 
months  without  food,  and  another  fasted  a  whole  year. 
^'  Haller  reports  two  other  cases  of  fasting  for  three 
and  four  years. 

*'  Mackenzie  reports  in  the  Phihsophical  Trcmscuh 
tions  the  stoiy  of  a  young  girl  who  had  lockjaw  for 
eighteen  years,  and  had  taken  no  food  during  four  years. 
**  A  Scotchwoman  is  reported  in  the  Philosophical 
Transactions,  voL  Ixvii,  to  have  lived  eight  years 
without  taking  anything  except  a  little  water  on  one 
or  two  occasiona 
"  A  case  of  &sting  for  ten  years  is  celebrated  in 
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many  works.  Fabiice  de  Hilden,  who  took  precautions 
against  deception,  says  that  Eva  Hegen  neither  ate  nor 
drank  during  six  years. 

''  Bat  all  these  stories  are  surpassed  by  that  of  a 
woman  who  remained  fifty  years  without  food ;  it  is 
added,  however,  that  she  sometimes  took  skimmed 
milt'^ 

''  Admitting/'  says  M.  B^rard,  "  that  there  has  been 
deception  in  some  of  these  cases,  and  that  the  love  of 
the  marvellous  has  presided  over  the  narration  of 
others,  we  cannot  refdse  to  belieye  that  some  are 
authentic.  Every  year  such  cases  are  registered.  In 
1886,  M.  Lavigne  invited  me  to  visit  a  woman  of  fifty- 
two,  who,  after  having  reduced  herself  to  a  glass  of  milk 
daQy  during  eighteen  months,  had  taken  nothing  in 
the  shape  of  food  or  drink  during  the  last  five  months. 
In  1839,  M.  Farizot  communicated  to  me  the  fact  of  a 
girl  at  Hardily  who  had  taken  no  soUd  nutriment  for 
six  years,  and  for  the  last  five  years  no  liquid  or  solid. 
In  1838,  M.  Plongeau  wrote  to  me  to  say  that  he  had 
seen  a  woman  at  Ayrens,  aged  eight-and-forty,  who 
during  the  last  eight  years  had  received  no  nourish- 
ment whatever."  ♦ 

It  is  rather  startling  to  find  so  learned  a  physiologist 
as  M.  B^rard  recording  such  cases,  and  trying  to  ex^ 
plain  them.  The  possibility  of  deception  and  exaggera- 
tion is  so  great,  that  we  are  tempted  to  reject  almost 
every  one  of  these  cases  rather  than  reject  all  physio- 
logical teaching. 

*  Bkiubd  :  Court  tU  Phytiologie,  1848,  i.  538. 
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The  foUoTnng  is  one  of  the  most  extraordinary  of 
the  cases  which  are  repeated  by  modem  writers  with 
confidence.  Janet  M*Leod,  after  epilepsy,  and  fever, 
remained  five  years  in  bed,  seldom  speaking,  and  re- 
ceiviBg  food  only  by  constraint  At  length  she  ob- 
stinateiy  refdsed  all  sustenance,  her  jaws  became 
locked,  and  in  att^npting  to  force  them  open  two  of 
her  teeth  were  broken.    A  small  quantity  of  liquid 

• 

was  introduced  by  the  aperture,  none  of  which  she 
swallowed,  and  dough  made  of  oatmeal  was  likewise 
rejected.  She  slept  much,  and  her  head  was  bent  down 
on  her  breast  In  this  deplorable  state  she  continued 
four  years,  without  her  relatives  being  aware  of  her 
receiving  any  aliment  except  a  little  water ;  but  after 
a  longer  interval  she  revived,  and  subsisted  on  crumbs 
of  bread  with  milk,  or  water  sucked  from  her  hand 

Attention  is  called  to  the  two  facts  of  Janet's  seldom 
speaking  and  sleeping  much,  because,  supposing  the 
ease  to  be  true,  they  materially  affect  the  question.  In 
a  state  of  such  quiescence  as  is  here  implied,  the  waste 
of  the  body  would  be  reduced  to  a  minimum,  conse- 
quently the  need  of  food  would  be  minimised.  Never- 
theless, in  the  present  state  of  Physiology,  I  think  we 
are  justified  in  asserting  that  some  deception  or  exag-> 
geration,  not  now  ascertainable,  is  at  the  bottom  of 
this  as  of  all  sunilar  cases ;  and  until  a  case  free  from 
all  suspicion  shall  have  been  produced  for  the  satisfac* 
tion  of  Science,  we  are  bound  to  deny  the  probability 
of  such  stories ;  since  that  which  all  our  knowledge 
shows  to  be  in  itself  contradictory,  must. necessarily  have 
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the  highest  improbability,  and  can  only  be  accepted  on 
the  most  rigorous  evidence.  Either  we  must  give  np  our 
Physiology  altogether,  or  we  must  reject  these  storie& 
For  observe,  on  the  one  hand,  several  of  the  reported 
cases  of  long  fasting  have  been  subsequently  proved 
to  be  impostures,  and  this  natnrally  thro.^  a  suspidon 
over  all  similar  cases.  On  the  other  hand,  physiologi- 
cal laws,  established  by  induction  from  thousands  of 
&cts  tested  by  every  variety  of  method,  pronounce 
these  cases  to  be  not  possible ;  and  we  are  called  upon 
to  decide  whether  it  is  more  probable  that  these  induc- 
tions should  be  wrong,  or  that  some  imposture  or 
exaggeration  should  lie  at  the  bottom  of  the  narrated 
marvela  There  cannot  be  a  moment's  hesitation  as 
to  which  alternative  we  must  accept ;  but  the  reader 
will  naturally  desire  a  dear  conception  of  the  physiolo- 
gical contradictions  which  I  have  asserted  to  be  implied 
in  these  marveUous  naixatives — the  more  so  as  many 
professed  physiologists  do  not  seem  to  be  fully  aware 
of  them. 
.  Supposing  the  waste  of  the  body  to  be  reduced  to 
a  minimum  by  the  perfect  quiescence  in  which  the 
patients  remained,  we  must  still  bear  in  mind  that  this 
diminution  is  not  total  arrest  of  waste.  The  patient 
scarcely  moves,  seldom  speaks,  and  sleeps  much.  Very 
little  destruction  of  tissue  will  take  place,  compared 
with  the  amount  destroyed  by  the  same  person  in  ordi- 
nary activity,  and  very  little  food'  will  be  needed  to 
repair  such  waste  ;  but  although  comparatively  small, 
the  amount  of  waste  will  be  absolutely  large ;  we  can- 
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not  say  how  large  it  will  be,  we  can  only  say  that  it 
must  be  large. 

Liet  us  fix  our  attention  on  only  two  sources  of  this 
waste,  and  the  proof  will  be  evident  The  production 
of  animal  heat  is  only  possible  through  a  large  amount 
of  chemical  change  going  on  in  the  organism ;  it  is 
produced  by  "direct  combustion"  (according  to  the 
chemical  school  of  physiologists),  by  "  the  disengage- 
ment of  heat  in  chemical  compositions  and  decomposi- 
tions  "  (according  to  another  school),  and  according  to 
all  schools  the  high  temperature  of  the  body  depends 
on  oi^anic  processes,  which  necessarily  imply  waste  of 
tissue  The  warmth  of  the  bed  in  which  the  patient 
lies  is  not  sufficient  to  preserve  her  temperature  at  its 
proper  height ;  she  must  bum  her  own  substance  to 
keep  up  her  animal  heat ;  and  when  we  think  of  the 
high  degree  of  temperature  maintamed  during  a  period  •< 
of  four  years,  solely  by  the  combustion  of  the  body  itself, 
we  shall  see  at  once  that  it  is  utterly  impossible  any 
organism,  during  so  long  a  period,  could  sustain  such 
waste  without  repair. 

Here,  then,  is  the  dilemma:  either  Janet  M'Leod 
did  maintain  the  ordinary  temperature  of  the  body 
during  these  four  years,  in  which  case  she  must  have 
destroyed  more  tissue  to  produce  that  heat  than  the 
body  could  lose  without  cessation  of  life ;  or  she  did 
nci  maintain  the  ordinary  temperature,  in  which  case 
she  would  have  died  from  the  veiy  want  of  this  ani- 
mal heat,  since  all  organisms  perish  when  their  normal 
temperature  is  considerably  lowered. 

B 
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Let  OS  now  consider  the  second  source  of  waste.  Janet 
breathed  during  these  four  years  ;  gently,  we  may  sup- 
pose, and  with  no  deep  inspirations,  yet  constantly, 
day  and  night  without  interruption.  Now,  what  does 
this  breathing  depend  on  ?  It  depends  on  the  constant 
interchange  between  carbonic  add  in  the  blood,  and 
oxygen  in  the  air.  Unless  there  were  carbonic  acid  in 
the  blood,  no  exchange  could  take  place,  no  breath- 
ing could  be  effected.*  Eveiy  moment,  dierefore,  some 
small  portion  of  carbonic  add  must  be  separated  £rom 
the  blood,  and  replaced  by  oxygen.  Whence  came  this 
carbonic  acid  ?  From  destruction  of  tissue.  Directly, 
or  indirectly,  carbonic  add  was  produced  in  the  act 
of  waste.  Its  presence  implies  waste,  and  the  act  of 
breathing  impUes  a  continuous  supply  of  such  waste. 

That  this  is  no  hypothesis,  but  the  simple  expres- 
don  of  the  facts,  ereiy  physiologist  knows.  It  may  be 
rendered  generally  intelligible  by  referring  to  what  is 
observed  with  the  hybemadng  animals.  The  dormouse 
begins  its  winter  sleep  well  clothed  with  fat.  It  nerer 
moves  for  months ;  its  respiration  is  slow  and  feeble, 
but  it  does  breathe,  and  the  waste  of  its  tissues  which 
this  breathing  causes  is  very  noticeable  at  the  dose  of 
winter.  Now,  if  we  suppose  Janet  to  have  been  in  a 
state  of  "suspended  vitality"'  analogous  to  that  of  the 
dormouse,  we  shall  still  have  to  admit  that  her  breath- 
ing alone  would  gradually  waste  her  substance ;  and 
however  slow  that  waste  may  be  supposed,  it  cannot  have 

*  This  will  he  shown  furthor  on  in  the  Chapter  on  Rbsfibation  and 
SxnpFooAOioir. 
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been  such  that  four  yeais  would  not  have  ezhaufited 
the  whole  amount  of  available  materiaL  Eveiy  time 
she  moYed  in  bed,  every  time  she  spoke,  eveiy  time 
she  laised  her  hand,  the  rate  of  waste  would  be  ac- 
celerated. 

It  is  found  that  a  slug  kept  without  food  loses  one- 
eleventh  of  its  weight  in  sis  weeka  We  cannot  admit 
that,  even  in  a  bedridden  girl,  the  vital  activity  would 
be  slower  than  in  a  slug ;  and  we  know  from  Ghossat's 
eipenmeuts  that  the  loss  of  two-fifths  of  their  weight 
destroys  all  animals. 

From  these  general  considerations,  which  might  be 
multiplied,  I  affirm  that,  unless  all  Physiology  is  a  delu- 
sion, the  marvellous  stories  of  four  years'  fasting,  and 
the  like,  are  impostures ;  and  this  affirmation  is  strength- 
ened by  all  the  cases  in  which  the  motive  and  possibility 
of  decq>tion  are  eliminated.  Thus  when  men  have 
Tobmtarily  starved  themselves  to  death,  they  have  never 
anrnved  three  months.  Grani^,  who  murdered  his 
^e,  star7ed  himself  in  the  prison  of  Toulouse,  and 
ex{Hred  on  the  sixty-third  day,  during  which  time  he 
dnmk  water,  and  occasionally  ate  a  little.  The  reli- 
gums  enthusiast,  whom  Dr  Willan  refers  to,  lived 
only  two  montlis,  although  he  occasionally  sucked  an 


These  men  only  survived  thus  long,  because  in  ab- 
staining from  solid  food,  they  did  not  also  abstain  from 
fiqnid.  Life  is  considerably  prolonged  if  liquid  bcf 
^■Iten.  Redi  found  that  birds  kept  without  water  as 
wdl  as  food  lived  only  nine  days ;  those  to  whom  he 
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gave  water  lived  twenty  days.*  I  cannot,  however, 
agree  with  those  physiologists  who,  like  Burdach  and 
B^rard,  attribute  this  sustaining  power  of  water  to  the 
organic  particles  suspended  in  it,  because  such  an 
amount  must  necessarily  be  quite  inadequate  to  sup- 
ply the  loss  of  an  organism  whose  waste  is  rapid ;  and 
we  must  remember  that  an  animal  dies  of  Thirst  even 
more  rapidly  than  of  Hunger ;  so  that  when  water  is 
withheld,  the  death  is  hastened  by  the  complication  of 
two  causes.  Now  Janet  M'Leod,  and  other  persons 
said  to  have  lived  without  food  or  drink,  were  under 
the  pressure  of  these  two  causes,  and  sustained  that 
pressure,  we  are  told,  four  years ! 

We  are  thus  forced  to  reject  all  narratives  of  abso- 
lute fasting  prolonged  over  three  months. 

Having  considered  the  effects  of  total  abstinence,  we 
may  now  inquire  into  the  effects  of  partial  abstinence. 

An  animal  deprived  of  food  perishes  whenever  its 
loss  of  weight  reaches  a  certain  point ;  and,  curiously 
enough,  insufficiency  of  food  causes  death  at  precisely 
the  same  point  as  total  want  of  food,  i.  e.  as  soon  as 
the  original  weight  is  reduced  to  six-tenths.  Men, 
therefore,  reduced  to  an  insufficient  allowance,  whether 
from  famine,  shipwreck,  or  siege,  will  inevitably  perish 
unless  the  allowance  be  increased ;  it  will  be  as  if  they 
had  received  no  food  at  all,  only  they  will  be  longer 
before  they  succumb.  An  important  lesson  is  con- 
tained in  this  fact,  and  one  which  should  never  be 

*  Kedi  :  Oitervasioni  iidomo  agli  animaii  vivenii;  quoted  hj  BuB- 
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forgotten  in  the  management  of  prisons,  schools^  or 
workhouses. 

IV.  Aspects  of  Starvation. — Terrible  are  the  as- 
pects of  starving  men ;  and  it  is  well  that  we  should 
know  these  aspects,  lest  we  be  the  dupes  of  impostors, 
or  confound  the  truly  wretched  with  the  professional 
mendicant.  The  first  noticeable  point  is  the  excessive 
thinness  of  starving  men,  which  is  not  the  leanness  of 
lean  men,  but  manifests  itself  as  unmistakable  emacia- 
tioiL  The  face  is  always  lividly  pale,  the  cheeks  are 
sunken,  the  eyes — ^what  an  expression  in  the  eyes! 
never  to  be  forgotten  by  those  who  have  once  seen  it: 
all  tiie  vitality  of  the  body  seems  centred  there,  in  fever- 
ish brightness ;  the  pupil  is  dilated,  and  the  eye  is  fixed 
in  a  wild  stare,  which  is  never  veiled  by  the  winking 
lids.  All  movements  of  the  body  are  slow  and  difficult: 
the  hand  trembles ;  the  voice  is  feeble ;  intelligence 
seems  gone ;  the  wretched  sufferers,  when  asked  what 
thqr  fed,  have  but  one  answer,  "  We  are  hungry." 

There  is  one  remarkable  fact  with  reference  to  starva- 
tion which  may  here  be  noted,  and  that  is  the  resist- 
ance opposed  by  the  nervous  substance  to  the  effects 
of  emadatioiL  Instead  of  being  the  first  to  suffer  from 
deficient  food,  as  its  complexity  and  the  lateness  of 
its  appearance  in  the  animal  series  would  lead  us  to 
suppose,  the  nervous  tissue  is  the  last  to  be  affected. 
From  the  experiments  of  Ghossat  we  learn  that,  in 
evety  100  parts  of  eadi  of  the  following  substances, 
93  are  lost  of  the  fat,   52  of  the  liver,  42  of  the 
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muscles,  16  of  the  bones,  and  only  2  of  the  neiyenmb* 
stance,  by  the  time  starvation  has  terminated  in  death. 
The  idea  of  our  solid  bones,  principally  composed  of 
inorganic  matter,  losing  eight  times  as  much  as  our 
semi-liquid  nerves,  which  are  so  predominantly  organic 
in  their  structure,  will  seem  very  paradoxical ;  and  the 
paradox  is  increased  when  we  learn  that,  in  spite  of 
fat  being  beyond  ail  proportion  the  most  destructible 
tissue  in  the  body.  Yon  Bibra  finds  the  fat  in  the  brain 
scarcely  affected  in  starvation,  although  the  fat  in  the 
muscles  has  been  greatly  wasted.* 

It  is  this  which  enables  us  hjrpothetically  to  explain 
the  sleeplessness  of  men  and  animals  suffering  firom 
hunger.  A  starving  man  has  been  known  to  remain 
seven  days  and  nights  without  sleep.  This  nervous  ex* 
citability,  which  often  manifests  itself  as  delirium,  pro- 
bably arises  from  the  disengagement  of  the  brain  from 
those  organic  activities  which  in  the  normal  state  call  so 
largely  on  its  energies ;  for  the  energies  of  the  brain  are 
not  expended  only  on  intelligence  and  emotion,  but  like- 
wise, and  to  a  great  extent,  on  the  functions  of  nutri- 
tion and  locomotion.  Considering  the  nervous  system 
as  a  centre  or  fountain  of  influence,  we  may  detect  three 
streams  in  which  the  influence  flows — a  nutritive  stream, 
a  locomotive  stream,  and  a  sensitive  stream.  If  the 
demand  from  the  nutritive  stream  be  large,  the  supply 
to  the  sensitive  and  locomotive  streams  will  be  propor- 
tionately reduced.'  Deep  thought,  or  anxiety,  disturbs 
the  digestion  and  circulation ;  violent  and  protracted 

*  CA.NBTATT :  JahntbericHt,  1854,  p.  119. 
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exercise,  amounting  to  faMgae,  incapacitates  for  think- 
ing :  the  habitually  trained  athlete  is  nearly  an  idiot, 
the  over-eater  little  better.  When,  therefore,  a  man 
is  starving,  the  amonnt  of  nervous  activity  usually  ex- 
pended on  his  nutritive  eystem  is  disengaged ;  and  as 
his  feebleness  diminishes  his  muscular  activity,  the 
amoimt  of  nervous  influence  usually  expended  on  loco- 
motion is  reduced,  leaving  the  brain,  with  all  this  sur- 
plus activity,  to  prey  upon  itself:  sleeplessness  and 
madnftw  naturally  result  from  tins  over-excitement 

y.  Agokibs  OF  Stasvatiok. — Bespeeting  the  agon- 
ies endured  by  starving  men,  we  have  little  accurate 
information.  When  those  who  have  undergone  the 
horrors  of  starvation  are  preserved,  and  attempt  to 
recount  them,  they  cannot  do  more  than  give  vague 
indications ;  for  there  is  nothing  more  di£Scult  to  de- 
scribe than  the  sensations  of  the  digestive  organs,  even 
during  the  continuance  of  the  sensation;  and  how 
difficult  it  is  to  describe  them  when  past,  may  be  con- 
ceived by  any  one  who  attempts  to  do  so  in  his  own 
casa  Most  of  the  narratives  we  have  are  recorded  by 
men  little  accustomed  to  analyse  their  sensations,  and 
we  ntnst  be  content  to  fix  our  attention  on  the  general 
diaracteristics  of  these  narratives.  From  these  cases 
two  may  be  selected 

Qoldsmith  says  that  the  captain  of  a  wrecked  vessel 
told  him  that  "  he  was  the  only  person  who  had  not 
lost  his  senses  when  they  received  accidental  relief 
He  assured  me  his  pains  at  first  were  so  great  that 
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he  was  often  tempted  to  eat  a  part  of  the  men  who 
died,  and  which  the  rest  of  his  crew  actually  lived  npon. 
He  said  that,  during  the  continuance  of  this  paroxysm, 
he  found  his  pains  insupportable,  and  was  desirous  at 
one  time  of  anticipating  that  death  which  he  thought 
inevitabla  But  his  pains  gradually  ceased  afier 
the  sixth  day  (for  they  had  water  in  the  ship,  which 
kept  them  alive  so  long),  and  then  he  was  in  a  state 
rather  of  languor  than  desire ;  nor  did  he  much  wish 
for  food  except  when  he  saw  others  eating.  The  latter 
part  of  the  time,  when  his  health  was  almost  destroyed,  a 
thousand  strange  images  rose  upon  his  mind,  and  every 
one  of  his  senses  began  to  bring  him  wrong  informa- 
tion When  he  was  presented  with  food  by  the  ship's 
company  that  took  him  up,  he  could  not  help  looking 
at  it  with  loathing  instead  of  desire ;  and  it  was  not 
till  after  four  days  that  his  stomach  was  brought  to  its 
natural  tone,  when  the  violence  of  his  appetite  returned 
with  a  sort  of  canine  eagerness."* 

It  will  doubtless  seem  very  strange  to  the  uninitiated 
that  a  man  after  prolonged  fasting,  when  his  system  is 
in  such  need  of  food  and  his  appetite  so  keen,  should 
be  nevertheless  in  no  proper  condition  to  eat  that  food, 
and  can  only  arrive  at  the  proper  condition  by  degrees, 
by  eating  a  little  at  a  time.  The  fact  is,  however,  that, 
like  all  other  organs,  the  stomach  suffers  for  want  of 
regular  work  In  fasting,  the  glands  no  longer  secrete ; 
the  blood  quits  the  stomach ;  the  regular  activity  is 
interrupted;  and  when  food  again   calls  upon  the 

*  Jlittory  qftheEarih,  ii.  126. 
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stomach  to  do  its  old  work,  there  is  not  the  old 
vigour  at  command.  Qradually  the  stimulus  of  food 
recalls  the  vigour  of  the  secreting  glands,  and  then 
appetite  may  be  safely  indulged. 

The  next  case  is  peculiarly  valuable,  as  being  the 
daily  record  of  a  man  who  yoluntarily  starved  himsel£ 
He  was  a  merchant,  whose  losses  so  preyed  upon  his 
i9ind  that  he  resolved  on  suicide ;  and  after  roaming 
about  the  country  from  the  12th  to  the  15  th  of  Sep- 
tember 1818,  he  dug  himself  a  grave  in  the  wood, 
and  remained  there  till   the  3d  of  October,  when 
he  was  found,  still  living,  by  an  innkeeper.    Hufe- 
land,  who  records  the  case,  says  that,  after  an  ab- 
stinence of  eighteen  days,  the  man  still  breathed, 
bat  expired  immediately  after  a  little  soup  had  been 
forced  down  his  throat.     On  his  person  they  found  a 
diaiy,  written  in  pencil,  from  which  the  following  arc 
extracts : — 

**  Sept  16. — The  generous  philanthropist  who  may 
find  my  corpse  is  requested  to  bury  it,  and  to  repay 
himself  for  the  trouble  by  my  clothes,  my  purse,  my 
pocket-book,  and  knife.  I  have  not  committed  suicide, 
but  I  die  of  starvation  because  bad  men  have  deprived 
me  of  my  fortune,  and  I  do  not  choose  to  be  a  burden 
on  my  Mends.  It  is  unnecessary  to  open  my  body, 
since  I  have  said  I  die  of  starvation. 

"  Sept  17. — ^What  a  night  I  have  passed  !  It  has 
lained ;  I  am  wet  through.    I  have  been  so  cold. 

"  Sept  18. — ^The  cold  and  rain  forced  me  to  get  up 
and  walk ;  my  walk  was  very  feeble.    Thirst  made  me 
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lick  up  the  water  which  still  rested  on  the  mushtioaras. 
How  nasty  that  water  was  ! 

''  Sept.  19. — ^The  cold,  the  length  of  the  nights,  the 
slightDCSs  of  my  clothing,  which  makes  me  feel  the 
cold  more  keenly,  have  given  me  great  suffering. 

"  Sept  20. — In  my  stomach  there  is  terrible  com- 
motion ;  hunger,  and,  above  all,  thirst,  become  more 
and  more  frightful  For  three  days  there  has  been  no 
rain.  Would  that  I  could  lick  up  the  water  from  the 
mushrooms  now  1 

"  Sept  21. — ^Unable  to  endure  the  tortures  of  thirst, 
I  crawled  with  great  labour  to  an  inn,  where  I  bought 
a  bottle  of  beer,  which  did  not  quench  my  thirst  In 
the  evening  I  drank  some  water  from  the  pump,  near 
the  inn  where  I  bought  the  beer. 

"  Sept  23. — ^Yesterday  I  could  scarcely  move,  much 
less  write.  To-day  thirst  made  me  go  to  the  pump ; 
the  water  was  icy  cold,  and  made  me  sick.  I  had  con- 
vulsions until  evening ;  nevertheless,  I  returned  to  the 
pump. 

"  Sept  26. — My  legs  seem  dead  For  three  days  I 
have  been  unable  to  go  to  the  pump.  Thirst  increases. 
My  weakness  is  such  that  I  could  scarcely  trace  these 
lines  to-day. 

^*  Sept  29. — I  have  been  unable  to  move.  It  has 
rained.  My  clothes  are  not  dry.  No  one  would  be- 
lieve how  much  I  suffer.  During  the  rain  some  drops 
fell  into  my  mouth,  which  did  not  quench  my  thirst 
Yesterday  I  saw  a  peasant  about  ten  yards  from  me.  I 
bowed  to  him    He  returned  my  salutation.    It  is  with 
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great  regret  I  dia    Weakness  and  conyulsions  prevent 

my  writing  more.     I  feel  this  is  the  last  time '' 

This  pathetic  case  illustrates,  as  indeed  all  other 
cases  do,  the  tmth  that  Thirst  is  far  more  terrible  ihikn 
Hunger.  The  man's  resolution  was  not  strong  enough  to 
resist  the  desire  for  drink,  yet  he  never  seems  to  have 
filtered  in  his  determination  to  refrain  from  food.  It 
will  be  further  noticed  that  he  ceases  to  complain  of 
the  cold  when  thirst  sets  in  fiercely,  because  then  fever 
had  also  supervened. 

YI  Thb  Sbksation  of  Hungbb. — The  sensation 
of  Hunger  is  at  first  rather  agreeable,  but  it  quickly 
becomes  impleasant  if  prolonged  The  sense  of  keen 
iqppetite  is  delightful,  but  that ''  sinking  in  the  stom- 
ach'' which  ensues,  quickly  passes  from  an  uneasy 
sensation  mto  positive  pain.  The  pain  soon  becomes 
aente  ;  and  if  food  be  still  withheld,  we  feel  as  if  the 
stomach  were  being  torn  by  pincera  This  is  followed 
by  a  state  of  general  exhaustion,  feverishness,  head- 
ache, light-headedness,  often  flaming  into  madness. 
The  whole  being  seems  possessed  by  one  desire,  before 
which  even  the  energetic  instinct  of  maternity  has  been 
known  to  give  way,  and  mothers  have  actually  dis- 
puted with  their  companions  for  the  flesh  of  their  dead 
ddldren. 

But  let  us  avert  our  eyes  from  such  scenes,  and  turn 
them  on  that  of  the  eight  colliers,  who  were  shut  up 
in  a  pit  for  one  hundred  and  thirtynsiz  hours.*    The 

*  Thk  eaae  is  quoted  by  LONQR  in  his  Traiti  d*  Phytiologie,  1857. 
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first  day  they  shared  between  them  half  a  pound  of 
bread,  a  morsel  of  cheese,  and  two  mugs  of  wine,  which 
one  of  them  had  brought  into  the  mine,  and  refused  to 
keep  for  himself  alone. '  Two  of  the  men  had  eaten  be- 
fore descending  into  the  mine,  and  they  generously  de- 
clared that  they  should  not  die  sooner  than  the  others, 
and  would  not  share  the  small  supply  of  food  It  is 
very  remarkable  that  these  men,  who  for  five  days  had 
no  nourishment  whatever,  declared,  when  they  were 
rescued,  that  their  abstinence  had  not  greatly  incon- 
venienced them.  K  we  knew  more  of  the  circumstances, 
we  might  perhaps  explain  this  now  inexplicable  fact 

What  causes  the  sensation  of  Hunger  ? 

It  has  been  seen  that  the  absence  of  food  needed  to 
repair  the  waste  of  tissue  is  the  primary  cause ;  but  it 
has  also  been  seen  that  this  primary  c£luse  may  exist 
without  the  existence  of  that  sensation  known  to  us 
as  Hunger.  All  animals  need  food,  but  we  have  no 
ground  for  supposing  that  polypes,  jelly-fish,  and  other 
simpler  animals  destitute  of  a  nervous  system,  feel  the 
sensation  of  Hunger  ;  we  must  therefore  seek  for  some 
more  proximate  cause  of  this  sensation. 

The  popular  notion  is  that  Hunger  arises  from  emp- 
tiness of  the  stomach,  which  emptiness,  according  to 
some  physiologists,  allows  the  walls  of  the  stomach  to 
rub  against  each  other,  and  then  the  friction  causes  the 
sensation. 

It  is  easy  to  show  the  inaccuracy  of  this  hypothe- 
sis, but  two  facts  will  suffice  here :  first,  the  stomach 
is  always  empty  some  time  before  Hunger  is  felt ;  se- 
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oondlj,  it  may  be  empty  for  days  together — in  illness — 
iirithout  the  sb'ghtest  sensation  of  Hunger  being  felt 

Another  notion  is  that  the  gastric  juice  accumulates 
in  the  stomach,  and  attacks  its  walls.  Such  a  cause 
would  certainly  be  ample  for  the  effect,  and  I  know 
but  of  one  objection  to  our  accepting  it,  namely,  that  the 
fact  on  which  the  explanation  rests  is  unfortunately  a 
fiction ;  the  gastric  juice  does  not  accumulate  in  the 
empty  stomach,  but  is  only  secreted  after  the  stimulus 
of  food. 

A  more  ingenious  explanation  has  been  propounded 

by  Dr  Beaumont,  whose  name  is  always  cited  when 

Digestion  is  under  discussion,  because  he  was  enabled 

to  enrich  science  with  many  valuable  observations 

made  on  a  patient  who  had  a  hole  in  his  stomach, 

produced  by  a  gunshot  wound.     ''  Dming  the  hours 

of  fasting,^'  says  Dr  Beaumont, ''  the  gastric  juice  is 

dowly  being  secreted  in  the  follicles  *  and  retained  in 

their  tubes,  thereby  distending  them  :  this  distension, 

when  moderate,  produces  the  sensation  of  Appetite ; 

vrhen  more  powerful,  of  Hunger." 

There  are  several  analogies  which  give  colour  to  this 
explanation.  Thus,  milk  is  slowly  accumulated  in  the 
breast,  and  the  sense  of  fulness,  if  unrelieved,  soon 
passes  into  that  of  pain.  But  ingenious  as  the  explan- 
ation is,  a  closer  scrutiny  causes  us  to  reject  it. 
Out  of  many  arguments  which  might  be  urged,  I 

*  The /oUie^M  are  small  secretlDg  glands  in  the  lining  membrane  of 
Uie  stomaoh.  They  wiU  be  desoribed  and  figured  in  the  chapter  on 
I>iGvnos  and  IvDiOEBiioir,  fig.  5. 
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will  mention  only  two— one  anatomical,  and  one  phy- 
siological If  the  gastric  juice  were  accumulated  in 
the  tubes,  there  is  no  anatomical  obstruction  to  its 
immediate  passage  into  the  stomach,  and  the  distension 
would  at  once  be  obviated  (see  Fig.  5).  Nor  have  we 
any  good  ground  for  supposing  that  an  accumulation 
does  take  place ;  for  Dr  Beaumont's  argument  that  it 
miMt  take  place,  because  it  flows  so  abundantly  on  the 
introduction  of  food  into  the  stomach,  would  equally 
prove  that  tears  must  be  accumulated  in  advance,  be^ 
cause  they  gush  forth  so  copiously  on  the  first  stimulus 
of  grief ;  or  that  saliva  must  be  accumulated,  because 
it  flows  so  freely  whenever  a  stimulus  is  presented. 

WhUe  Dr  Beaumont's  e^lanation  wants  an  anato* 
mical  basis,  it  is  still  more  directly  at  variance  with 
the  physiological  fact,  that  when  food  is  injected  into 
the  veins  or  the  intestines,  the  sensation  of  Hunger 
disappears,  although  the  stomach  is  as  empty  as  it  was 
before,  and  the  tubes  as  distended  as  they  were  before. 

The  fstct  last  named  would  dispose  us  to  believe  that 
want  of  food  was,  after  all,  the  proximate  as  well  as 
the  primary  cause  of  Hunger,  did  we  not  know  that 
to^bacco,  opium,  and  even  inorganic  substances,  intro- 
duced into  the  stomach,  will  remove  the  sensation.  In 
a  succeeding  chapter  (see  Food  and  Dbine)  we  shall 
learn  that  there  are  nations  who  eat  day  to  allay 
their  hunger ;  and  we  all  know  how  the  first  mouth- 
ful of  food  takes  away  the  sharpness  of  the  sensation, 
although  two  or  three  hours  must  elapse  before  the 
food  will  really  have  entered  the  body.    For  we  must 
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lemember  that  food  in  the  stomach  is  as  much  ouUide 
the  oiganism  as  if  it  were  in  the  hand  The  digestive 
canal  is  nothing  but  a  folding-in  of  the  general  enve- 
lope, like  the  invited  finger  of  a  glove ;  and  until  the 
absorbent  vessels  cany  the  food  &om  the  stomach,  into 
the  circulating  system,  the  food  remains  outside. 

Here,  th^i,  are  two  noticeable  facts  :  we  may  relieve 
the  sensation  of  Hunger  without  directly  acting  on  the 
stomach,  the  mere  supply  of  food  to  the  blood  sufficing ; 
and  we  may  reUeve  the  sensation  simply  by  acting  on 
the  stomach,  the  want  of  food  being  as  great  as  be* 
fore.    Do  not  these  facts  indicate  that  Hunger  must 
be  related  to  the  general  state  of  the  system,  and  to  the 
particulaT  state  of  the  stomach?    If  we  once  regard 
the  subject  in  this  light,  we  shall  be  easily  led  to  per- 
ceive that  although  the  general  state  of  the  system, 
under  defidency  of  food,  is  the  primary  cause  of 
Hanger,  it  is  only  so  in  as  £eu:  as  it  produces  a  certain 
c&ndiiion  of  the  stomach  ;  and  this  condition  of  the 
stomadi  is  the  proximate  cause  of  the  sensation. 

I  think  this  mode  of  viewing  it  will  extricate  us 
from  the  difficulties  which  have  been  brought  forward 
in  the  many  discussions  as  to  whether  the  stomach,  or 
one  part  of  the  nervous  system,  is  the  seat  of  Hunger. 
The  stomach  is  the  seat  of  the  sensation,  just  as  the 
eyes  are  the  seat  of  the  sensation  of  sleepiness :  the 
general  state  of  exhaustion  causes  the  eyes  to  droop 
heavily,  and  the  general  state  of  the  system  causes  the 
stomach  to  produce  the  sensation  of  hunger;  and  as  in 
sleepiness  we  may  rdieve  the  sensation  by  bathing  the 
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eyes  with  cold  water,  yet  this  will  not  relieve  the 
general  exhaustion ;  so  in  hunger,  we  may  relieve  the 
sensation  by  opium,  or  even  clay,  but  this  will  not 
relieve  that  general  state  of  the  system  which  produced 
the  sensation. 

It  is  evident  that  the  general  state  of  the  system 
must  be  felt,  and  to  it  we  owe  those  daily  variations  in 
comfort  which  we  express  in  the  terms  "vigour," 
"gladness,"  "lassitude,"  " depression,"  &c. ;  neverthe- 
less physiologists  have  not  assigned  a  name  to  sudi 
sensations. 

In  a  future  chapter  (Feeling  and  Thinking)  I  shall 
enter  more  fcdly  into  these,  which  I  propose  to  call 
Systemic  Sensations,  because  they  arise  in  the  sys- 
tem at  large,  or  are  not  localised  by  consciousness  in 
any  one  organ.  But  for  the  purpose  of  this  chapter, 
current  terms  must  be  accepted ;  and  although,  there- 
fore, strict  accuracy  would  lead  us  to  say  that  Hunger, 
as  a  Systemic  Sensation,  is  caused  by  want  of  food 
to  repair  the  waste  of  tissue,  and,  as  a  Local  Sensation, 
is  caused  by  a  specific  condition  of  the  stomach ;  yet, 
following  popular  language,  we  must  say  that  Hunger 
is  a  sensation  having  its  seat  in  the  stomach ;  and  all 
the  arguments  or  experiments  which  attempt  to  prove 
that  its  seat  must  be  elsewhere,  have  reference  to  the 
general  state  of  the  system,  but  not  to  the  specific 
sensation  known  to  us  as  Hunger. 

If  we  examine  the  stomach  of  a  fasting  animal,  we 
shall  find  it  pale,  and  in  a  condition  of  obvious  <Uony. 
The  blood  has  retreated  from  the  smaller  vessels,  and 
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drcnlates  only  in  the  larger  chaTmela  Batnosooiieris 
the  organ  stmralated  by  the  introduction  of  food,  or  any 
irritant  substance,  than  this  pale  surface  becomes  vis- 
ibly congested,  turgesoent,  and  its  secretions  pour  forth 
abundantly.  With  this  rush  of  blood  to  the  stonuich 
the  sensation  of  uneasiness  is  carried  away.  Hence 
we  may  conclude  that  Hunger  is  in  some  way  depend-^ 
ent  on  the  state  of  the  drculatlon  in  the  stomach. 

Vn  Thibst  closely  resembles  Hunger  in  being  a 

general  or  Systemic  sensation,  although  it  is  usually 

considered  only  as  a  local  sensation,  arising  from  the 

dryness  of  the  mouth  and  throat    This  dryness  of  the 

throat  and  mouth,  so  familiar  to  us  all,  is  produced  by 

a  deficiency  of  liquid  in  the  body  ;  but  it  may  be,  and 

often  is,  produced  when  there  is  no  deficiency  in  the 

general  system,  nothing  but  a  local  disturbance,  this 

disturbance  producing  a  local  sensation.    Wines,  cof* 

fee,  and  spices  create  a  strong  feeling  of  thirst,  yet  the 

two  first  increase  the  quantity  of  liquid  instead  of 

dJTnJTiiflhiTig  it.    And  we  know  how  ineJSectual  liquid 

in  any  quantity  is  to  quench  the  feeling  of  Thirst  under 

some  conditions,  especially  after  long  suffering. 

Andersson,  in  his  travels  in  Africa^  describes  the 
sufferings  of  his  men  and  cattle,  adding,  "  even  when 
the  thirsty  men  and  animals  were  let  loose  in  the  water, 
al&ough  they  drank  to  repletion,  the  water  seemed  to 
have  lost  its  property,  for  our  best  endeavours  to 
slake  our  thirst  proved  unavailing."  *    The  long  con- 

*  AnnSBaaov  :  Lake  Ngami,  p.  86. 
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tinuance  of  Thirst  had  produced  a  certdn  feveruili 
condition  which  conld  not  be  immediately  relieved 
when  the  system  received  its  necessary  supply  of] 
liquid ;  this  shows  that  although  deficiency  of  liquid 
is  the  primary  cause  of  Thirst,  the  proxiTnaie  caiue 
must  be  some  local  affection  which  has  been  in*! 
duced 

On  the  other  hand,  this  local  sensation  is  so  depend-| 
ent  on  the  system,  that  if  water  be  injected  into 
veins  or  the  intestines,  Thirst  disappears,  although 
mouth  and  throat  have  not  been  touched.    A  hi 
atmosphere  prevents  Thirst ;  a  bath  relieves  it,  becai 
the  water  is  absorbed  through  the  skin. 

On  this  principle,  Franklin  grounds  his  advice 
men  who  are  exposed  to  scarcity  of  drink  :  they  shouU 
bathe  themselves  in  tubs  of  salt  water,  he  saya 
would  undoubtedly  relieve  their  thirst,  but  it  is  a  pi 
which  would  be  excessively  dangerous  in  shipwre 
unless  food  were  abundant,  since  the  abstraction  of 
much  heat  as  would  follow  a  bath,  would  in  all  prol 
bUity  be  fatal 


VIIL  Oausb  of  Thirst. — ^As  deficiency  of  food 
supply  the  waste  of  tissue  is  the  primary  cause 
Hunger,  so  deficiency  of  water  to  supply  the 
which  goes  on  incessantly  in  the  excretions,  respi] 
tion,  and  perspiration,  is  the  primary  cause  of  Thirst 

Every  time  we  breathe  we  throw  from  our  lungs 
quantity  of  water  in  the  form  of  vapour.      We 
made  sensible  of  this  when  the  breath  condenses 
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the  colder  ntt&ce  of  glass  or  steel,  and  when,  aa  in 

■mnta,  the  atmosphere  is  anfficiently  cold  to  condense 

the  nponr  oa  its  issniog  from  our  mouth& 
This  is  only  one  source  of  the  waste  of  water :  a 

more  important  Eonrce  ia  that  of  per-  pit-  ^ 

quntion,  which  In  hot  weather,  or 

dnring  violent  exercise,  causes  the 

mter  to  roll  down  onr  sMns  with  ob- 

&nare  copionsness.     Bat  even  when 

ve  are  perfectly  qniescent,  the  loss  of 

inter,  although  not  obvioos,  is  con- 

nderable. 

To  render  this  intelligible,  let  at- 
tention be  fixed  on  the  following  dia- 

gnm,  which  represents  one  of  the 

^d)  that  secrete  this  perspiration. 

It  represents  the  vertical  section  of  the 
'  wle  of  the  foot  (afl«r  Todd  and  Bow- 
nun}. 

Tbt  0Kai  at  tZ  is  seen  to  possess  a 
t*i>ted  duct,  which  passes  upwards  to 
(be  mriace.  From  this  tube  comes 
tltt  perquration,  sensible  and  insen-    ^  ,.  ths  cutiois  m 

"""'■  the  ilMpmlMen,  dark 

It  ii  calculated  that  there  are  no  nuHwmx.bmtiia 
MS  than  twenty-eight  miles  of  this  'r™  '^°  w.nnii);  d 
™iiig  on  the  surface  of  the  human  »»itroreUT»w>a'««- 
^"Aj,  from  which  the  water  will  escape  as  insensible 
ftnpiwium ;  and  althongh  the  amount  of  water 
"Incb  is  thna  enqwrated  from  the  surface  most  neces- 
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sarily  vary  with  the  clothing,  the  activity,  and  even 
tiie  peculiar  constitution  of  the  individual,  an  ayerage 
estimate  has  been  attained  which  shows  that  from  two  to 
three  pounds  of  water  are  daily  evaporated  from  the 
skin.  From  the  lungs  it  is  ascertained  that  every  min- 
ute we  throw  off  from  four  to  seven  grains  of  water, 
from  the  skin  eleven  graina  To  these  must  be  added 
the  quantity  abstracted  by  the  kidneys,  a  variable  but 
important  element  in  the  sum. 

It  may  not  at  first  be  clear  to  the  reader  why  an 
abstraction  of  water  daily  should  profotmdly  affect  the 
organism  unless  an  equivalent  be  restored.  What  can 
it  matter  that  the  body  should  lose  a  little  water  as 
vapour  ?  Is  water  an  essential  part  of  the  body  ?  Is 
it  indispensable  to  life  ? 

Not  only  is  water  an  essential  part  of  the  body,  it 
might  be  called  the  most  essential,  if  pre-eminence 
could  be  given  where  all  are  indispensable.  In  quan- 
tity, water  has  an  enormous  preponderance  over  all 
other  constituents  :  it  forms  70  per  cent  of  the  whole 
weight  I  There  is  not  a  single  tissue  in  the  body — 
not  even  that  of  bone,  not  even  the  enamel  of  the 
teeth — into  the  composition  of  which  water  does  not 
enter  as  a  necessary  ingredient  In  some  of  the  tis^ 
sues,  and  those  the  most  active,  it  forms  the  chief  in- 
gredient. In  the  nervous  tissue  800  parts  out  of 
every  1000  are  of  water ;  in  the  lungs  830 ;  in  the 
pancreas  871 ;  in  the  retina  no  less  then  927. 

Commensurate  with  this  anatomical  preponderance, 
is  the  physiological  importance  of  water.    It  is  the 
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Gamer  of  the  food,  the  ydude  of  waste.  It  holdfl  gases 
in  solution,  dissolves  solids,  helps  to  give  every  tissue  its 
physical  eharacter,  and  is  tbe  indispensable  condition  of 
that  ceaseless  change  of  Composition  and  Decomposi- 
tion on  which  the  continnance  of  life  depends. 

From  the  eUborate  experiments  of  Bidder  and 
Schmidt,  it  is  dear  that  the  changes  which  go  on  in 
the  organism  are  far  more  concerned  with  its  water 
than  with  its  solida  In  the  digestive  fluids,  for  ex- 
ample, one-fifth  to  one-fonrth  of  the  water  contained 
in  the  body  will  be  found  passing  and  repassing; 
whereas  only  one-sixtieth  or  one-seventieth  of  the 
solids  of  the  body  pass  into  them.* 

Sndi  being  the  part  played  by  water  in  the  organism, 
we  can  understand  how  the  oscillations  of  so  important 
a  fiidd  must  necessarily  bring  with  it  oscillations  in  our 
feelings  of  comfort  and  discomfort,  and  how  any  un- 
nsaal  abstraction  of  it  must  produce  that  disturbance  of 
the  general  system  which  is  known  under  the  name  of 
fiaging  Thirst — ^a  disturbance  for  more  terrible  than 
that  of  Starvation,  and  for  this  reason :  During  abstin- 
ence from  fi)od,  the  organism  can  still  live  upon  its  own 
substance,  whidi  famishes  all  the  necessary  material ; 
but  during  abstinence  from  liquid,  the  organism  has  no 
such  source  of  supply  within  itself. 

Men  have  been  known  to  endure  absolute  privation 
of  food  for  some  weeks,  but  three  days  of  absolute  pri- 
vation of  drink  (unless  in  a  moist  atmosphere)  is  per- 
haps the  limit  of  endurance.    Thirst  is  the  most  atro- 

•  BrnDBR  H.  SomoDT :  Die  VerdawuMg$9Hfte,  p.  287. 
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cions  torture  ever  invented  by  Oriental  tyranta  It  is 
that  which  most  effectnally  tames  animals.  Mr  Astley, 
when  he  had  a  re&actoiy  horse,  always  used  thirst  as 
the  most  effective  power  of  coercion,  giving  a  little 
water  as  the  reward  for  every  act  of  obedienca  The 
histories  of  shipwreck  paint  fearful  pictures  of  the  suf- 
ferings endured  from  thirst ;  and  one  of  the  most 
appalling  cases  known  is  the  celebrated  imprisonment 
of  one  hundred  and  forty-siz  men  in  the  Black  Hole  at 
Calcutta — ^a  case  frequently  alluded  to,  but  which  must 
be  cited  here  at  some  length  on  account  of  its  physio- 
logical bearing : — 

The  Governor  of  Fort-William  at  Calcutta  having 
imprisoned  a  merchant — the  well-known  Omychund, — 
the  infjGimous  Nabob  of  Bengal,  Sungah  Dowlah,  on  the 
look-out  for  a  pretext,  marched  against  Fort-William 
with  a  considerable  force,  besieged  and  took  it,  and 
imprisoned  the  surviving  part  of  the  garrison  in  the 
barrack-room  named  the  Black  Hola  The  letter  in 
which  Mr  Holwell,  the  officer  in  command,  describes 
the  horrors  of  this  imprisonment  is  printed  in  the 
Anmud  Register  for  1758,  and  from  it  the  following 
extracts  are  made : — 

"  Figure  to  youself  the  situation  of  a  hundred  and 
forty-six  wretches,  exhausted  by  continual  fatigue  and 
action,  crammed  together  iq  a  cube  of  eighteen  feet, 
in  a  close  sultry  night  in  Bengal,  shut  up  to  the 
eastward  and  southward  (the  only  quarter  whence  air 
could  reach  us)  by  dead  walls,  and  by  a  wall  and  door 
to  the  north,  open  only  to  the  westward  by  two  win- 
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doWB  strongly  barred  mth  iron,  from  which  we  could 
receive  scarce  any  the  least  circulation  of  fi^sh  air. 
.     .     .    We  had  been  but  a  few  minutes  confined  before 
eveiy  one  fell  into  a  perspiration  so  profuse,  you  can 
form  no  idea  of  it    This  brought  on  a  raging  thirst, 
iprhich  increased  in  proportion  as  the  body  was  drained^ 
of  its  moisture.    Various  expedients  were  thought  of 
to  give  more  room  and  air.    To  gain  the  former  it  was 
moved  to  put  off  their  clothes ;  this  was  approved  as 
a  hiq[>py  motion,  and  in  a  few  moments  eveiy  one  was 
stripped — ^myself,  Mr  Court,  and  the  two  young  gentle^ 
men  by  me,  excepted.    For  a  little  while  they  flattered 
themselves  with  having  gaiued  a  mighty  advantage ; 
every  hat  was  put  in  motion  to  gain  a  circulation  of 
air,  and  Mr  Baillie  proposed  that  every  man  should  sit 
down  on  Ins  hams.    This  expedient  was  several  times 
put  in  practice,  and  at  each  time  many  of  the  poor 
creatures,  whose  natural  strength  was  less  than  that 
of  others,  or  who  had  been  more  exhausted,  and  could 
not  immediately  recover  their  legs  when  the  word  was 
given  to  rise — ^fell  to  rise  no  more,  for  they  were  in- 
stantly trod  to  death  or  suffocated.    When  the  whole 
body  sat  down,  they  were  so  closely  wedged  together 
that  they  were  obliged  to  use  many  efforts  before  they 
could  get  up  again.    Before  nine  o'clock  every  man's 
thirst  grew  intolerable,  and  respiration  difficult.  Efforts 
were  made  to  force  the  door,  but  in  vain.    Many  in* 
sulfas  were  used  to  the  guard  to  provoke  them  to  fire 
on  ua    For  my  own  part,  I  hitherto  felt  little  pain  or 
uneasiness,  but  what  resulted  from  my  anxiety  for  the 
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sufferings  of  those  witMiL  By  keeping  my  £ace  <;lo8e 
between  two  of  the  bars  I  obtained  air  enough  to  give 
my  lungs  easy  play,  though  my  perspiration  was  ex- 
cessire,  and  thirst  commencing.  At  this  period  so 
strong  a  nrinous  volatile  effluvia  came  from  the  prison 
that  I  was  not  able  to  turn  my  head  that  way  for  more 
than  a  few  seconds  at  a  tima 

''  Now  everybody,  except  those  situated  in  and  near 
the  windows,  began  to  grow  outrageous,  and  many 
delirious.  Water  !  water  !  became  the  general  cry. 
An  old  Jemmantdaar,  taking  pity  on  us,  ordered 
the  people  to  bring  us  some  skins  of  water.  This  was 
what  I  dreaded.  I  foresaw  it  would  prove  the  ruin  of 
the  small  chance  left  us,  and  essayed  many  times  to 
speak  to  him  privately  to  forbid  it  being  brought ;  but 
the  clamour  was  so  loud  it  became  impossible  The 
water  appeared.  Words  ca;nn6t  paint  the  universal 
agitation  and  raving  the  sight  of  it  threw  us  into.  I 
flattered  myself  that  some,  by  preserving  an  equal 
temper  of  mind,  might  outlive  the  night ;  but  now  the 
reflection  which  gave  me  the  greatest  pain  was,  that  I 
saw  no  possibility  of  one  escaping  to  tell  the  dismal 
tale.  Until  the  waJter  came  I  had  not  my  self  suffered 
much  from  thirst,  which  instantly  grew  esccessive. 
We  had  no  means  of  conveying  it  into  the  prison  but 
by  hats  forced  through  the  bars  ;  and  thus  myself,  and 
Coles,  and  Scott  supi^lied  them  ^s  fast  as  possible 
But  those  who  have  experienced  intense  thirst,  or  are 
acquainted  with  the  cause  and  nature  of  this  appe- 
tite,  will  be  sufficiently  sensible  it  could  receive  no 
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HKore  than  a  momentaiy  alleviation :  the  cause  still  sub- 
sisted.    Though  we  brought  fall  hats  through  the  bars, 
there  ensued  such  violent  struggles  and  frequent  con- 
tests to  get  it,  that  before  it  reached  the  lips  of  any 
one,  there  would  be  scarcely  a  small  tea-cupful  left  in 
them.     These  supplies,  like  sprinkling  water  on  fire, 
only  seemed  to  feed  the  fiame.    Oh  I  my  dear  sir,  how 
shall  I  give  you  a  just  conception  of  what  I  felt  at  the 
cries  and  cravings  of  those  in  the  remoter  parts  of  the 
prison,  who  could  not  entertain  a  probable  hope  of 
obtaining  a  drop,  yet  coxdd  not  divest  themselves  of 
expectation^  however  tmavailing,  calling  on  me  by  the 
tender  considerations  of  affection  and  friendship.    The 
confiiflion  now  became  general  and  horrid.    Several 
quitted  the  other  window  (the  only  chance  they  had  for 
life)  to  force  their  way  to  the  water,  and  the  throng  and 
jftesa  upon  the  window  was  beyond  bearing;  many, 
forcing  their  way  from  the  farther  part  of  the  room, 
pressed  down  those  in  their  passage  who  had  less 
strength,  and  trampled  them  to  death. 

''From  about  nine  to  eleven  I  sustained  this  cruel 
scene,  still  supplying  them  with  water,  though  my  legs 
were  almost  broke  with  the  weight  against  theuL  By 
this  time  I  myself  was  near  pressed  to  death,  and  my 
two  companicms,  with  Mr  Parker,  who  had  forced  him- 
self to  the  window,  were  really  so.  At  last  I  became 
so  piessed  and  wedged  up,  I  was  deprived  of  all  mo- 
tion. Determined  now  to  give  everything  up,  I  called 
to  them,  and  begged  them,  as  a  last  instance  of  their 
r^aid,  that  they  would  relieve  the  pressure  upon  me. 
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and  permit  me  to  retire  out  of  the  window  to  die  in 
quiet.  They  gave  way,  and  with  much  difficulty  I 
forced  a  passage  into  the  centre  of  the  prison,  where 
the  throng  was  less  by  the  many  dead,  amounting  to 
one-third,  and  the  numbers  who  flocked  to  the  win- 
dows ;  for  by  this  time  they  had  water  also  at  the  other 
window.  ...  I  laid  myself  down  on  some  of  the 
dead,  and,  recommending  myself  to  Heaven,  had  the 
comfort  of  thinking  my  sufferings  could  hare  no  long 
duration.  My  thirst  now  grew  insupportable,  and  the 
difficulty  of  breathing  much  increased ;  and  I  had  not 
remained  in  this  situation  ten  minutes  before  I  was 
seized  with  a  pain  in  my  breast,  and  palpitation  of 
heart,  both  to  the  most  exquisite  degree.  These  obliged 
me  to  get  up  again,  but  still  the  pain,  palpitation,  and 
difficulty  of  breathing  increased.  I  retained  my  senses 
notwithstanding,  and  had  the  grief  to  see  death  not  so 
near  me  as  I  had  hoped,  but  could  no  longer  bear  the 
pains  I  suffered  without  attempting  a  relief,  which  I 
knew  fresh  air  would  and  could  only  give  me.  I  in- 
stantly  determined  to  push  for  the  window  opposite  to 
'  me,  and  by  an  effort  of  double  the  strength  I  ever  be- 
fore possessed,  gained  the  third  rank  at  it— with  one 
hand  seized  a  bar,  and  by  that  means  gained  a  second, 
though  I  think  there  were  at  least  six  or  seven  ranks 
between  me  and  the  window.  In  a  few  moments  the 
pain,  paJpitcUion,  and  dificvlty  of  hrea^hing  ceased, 
but  the  thirst  continued  intolerable.  I  called  aloud 
'  Water  for  Ood's  eaJceP  I  had  been  concluded  dead ; 
but  as  soon  as  the  men  found  me  amongst  them,  they 
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Still  had  the  respect  and  tenderness  for  me  to  cry  out, 
*  Oive  him  wetter  ! '  nor  would  one  of  them  at  the  win- 
dow attempt  to  touch  it  till  I  had  drunk.    Bat  from 
the  water  I  had  no  relief;  my  thirst  was  rather  in- 
creased  by  it;  so  I  determined  to  drink  no  more,  but 
patiently  wait  the  event.    I  kept  my  mouth  moist 
from  time  to  time  by  sucking  the  perspiration  out  of 
my  shirt-sleeTes,  and  catching  the  drops  as  they  fell 
like  heavy  ram  from  my  head  and  face;  you  can  hardly 
imagine  how  unhappy  I  was  if  any  of  them  escaped 
my  mouth.     ....    I  was  observed  by  one  of  my 
companions  on  the  right  in  the  expedient  of  allaying 
my  thirst  by  sucking  my  shirt-sleeva    He  took  the 
hint,  and  robbed  me  from  time  to  time  of  a  consider- 
able part  of  my  store,  though,  after  I  detected  him, 
I  had  the  address  to  begin  on  that  sleeve  first  when  I 
thought  my  reservoirs  were  sufficiently  replenished,  and 
OTir  mouths  and  noses  often  met  in  contact    This  man 
was  one  of  the  few  who  escaped  death,  and  he  has  since 
p^dd  me  the  compliment  of  assuring  me  he  believed  he 
owed  his  life  to  the  many  comfortable  draughts  he  had 
from  my  sleeves.    No  Bristol  water  could  be  more 
soft  or  pleasant  than  what  arose  from  perspiration. 

"  By  half-past  eleven  the  much  greater  number  of 
those  living  were  in  an  outrageous  delirium,  and  others 
quite  migovemable ;  few  retaining  any  calmness  but 
the  ranks  near  the  windows.  They  now  all  found  that 
▼ftter,  instead  of  relieving  their  uneasiness,  rather 
^htened  it,  and  Air  I  ah:  I  was  the  general  cry. 
&ery  insolt  that  could  be  devised  against  the  guard 
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was  repeated  to  piovoke  them  to  fire  on  ns,  every  man 
that  could,  mshing  tomnltnously  towards  the  windows 
with  eager  hopes  of  meeting  the  first  shot  But  these 
£Euling,  they  whose  strength  and  spirits  were  quite  ex- 
hausted laid  themselves  down,  and  quietly  expired  upon 
their  fellows ;  others  who  had  yet  some  strength  and 
vigour  left,  made  a  last  effort  for  the  windows,  and 
several  succeeded  by  leaping  and  scrambling  over  the 
backs  and  heads  of  those  in  the  first  ranks ;  and  got 
hold  of  the  bars,  firom  which  there  was  no  remov- 
ing  them.  Many  to  the  right  and  left  sunk  with  the 
violent  pressure,  and  were  soon  suffocated ;  for  now  a 
steam  arose  from  the  living  and  the  dead,  which  affected 
us  in  all  its  circumstances,  as  if  we  were  forcibly  held 
by  our  heads  over  a  bowl  of  strong  volatile  spirit  of 
hartshorn  until  suffocated ;  nor  could  the  effluvia  of  the 
one  be  distinguished  from  the  other.  I  need  not  ask 
your  commiseration  when  I  tell  you  that  in  this  plight, 
from  half  an  hour  after  eleven  till  two  in  the  morning,  I 
sustained  the  weight  of  a  heavy  man  with  his  knees  on 
my  back,  and  the  pressure  of  his  whole  body  on  my 
head  ;  a  Dutch  sergeaat  who  had  taken  his  seat  on  my 
left  shoulder,  and  a  black  soldier  bearing  on  my  right : 
all  which  nothing  would  have  enabled  me  to  support 
but  the  props  and  pressure  equally  sustaining  me  all 
round.  The  two  latter  I  frequently  dislodged  by  shift- 
ing my  hold  on  the  bars,  and  driving  my  knuckles 
into  their  ribs  ;  but  my  friend  above  stuck  &st,  and, 
as  he  held  by  two  bars,  was  immovabla  The  repeated 
trials  I  made  to  dislodge  this  insufferable  encumbrance 
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upon  me,  at  last  quite  exhausted  me,  and  towards  two 
o'clock^  finding  I  must  quit  the  window  or  sink  where 
I  ^was,  I  resolved  on  the  former,  having  borne  truly, 
for  the  sake  of  others,  infinitely  more  for  life  than  the 
best  of  it  is  worth. 

''  I  was  at  this  time  sensible  of  no  pain  and  little 
uneasiness.  I  found  a  stupor  coming  on  apace,  and 
laid  myself  down  by  that  gallant  old  mau,  the  reverend 
Jervas  Bellamy,  who  lay  dead  with  his  son,  the  lieu* 
tenant,  hand  in  hand,  near  the  southernmost  wall  of 
the  prison.  Of  what  passed  in  the  interval,  to  the  time 
of  resurcection  from  this  hole  of  horrors,  I  can  give  you 
no  account^ 

At  six  in  the  morning  the  door  was  opened,  when 
only  three-and-twenty  out  of  the  hundred  and  forty-six 
still  breathed.    These  were  subsequently  revived. 

Although  the  principal  cause  of  this  mortality  must 
be  ascribed  to  the  vitiated  atmosphere  rather  than  to 
Thirst,  we  nevertheless  see  some  of  the  frightfdl  pheno- 
mena of  Thirst  exemplified  in  this  narrative.  Death 
by  asphyxia  (&om  vitiated  air)  is  generally  peaceful, 
and  not  at  aU  such  as  is  described  in  the  foregoing. 
Attention  b  moreover  called  to  certain  passages  in 
itaUca  These  show  that  the  sensation  of  Thirst  is  not 
merely  a  sensation  dependent  on  a  deficiency  of  liquid 
in  the  system,  but  a  local  sensation  dependent  on  a 
local  disturbance:  the  more  water  these  men  drank, 
the  more  dreadful  seemed  their  thirst ;  and  the  mere 
sight  of  water  rendered  the  sensation,  which  before 
was  endurable,  quite  intolerable.    The  increase  of  the 
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sensation  foUoTring  a  supply  of  water,  would  be  wholly 
inexplicable  to  those  who  maintain  that  the  proximate 
cause  of  Thirst  is  deficiency  of  liquid ;  but  is  not  wholly 
inexplicable,  if  we  regard  the  deficiency  as  the  primary, 
not  the  proximate  cause ;  for  this  primary  cause  having 
set  up  a  feverish  condition  in  the  mouth  and  throat, 
that  condition  would  continue  after  the  original  cause 
had  ceased  to  exist  The  stimulus  of  cold  water  is  only 
a  momentary  relief  in  this  case,  and  exaggerates  the 
sensation  by  stimulating  a  greater  flow  of  blood  to 
the  parts.  If,  instead  of  cold  water,  a  little  lukewarm 
tea,  or  milk-and-water,  had  been  drunk,  permanent 
relief  would  have  been  attained ;  or  if,  instead  of  cold 
water,  a  lump  of  ice  had  been  taken  into  the  mouth, 
and  allowed  to  mdt  there,  the  effect  would  have  been^ 
very  different — ^a  transitoiy  application  of  cold  increas- 
ing the  flow  of  blood,  a  continuous  application  driving 
it  away. 

K,  therefore,  the  reader  is  ever  suffering  from  intense 
thirst,  let  him  remember  that  tepid  drinks  are  better 
than  cold  drinks,  ice  is  better  than  water. 

We  must  not,  however,  forget  that  although,  where 
a  deficiency  of  liquid  has  occasioned  a  feverish  condi- 
tion of  the  mouth  and  throat,  no  supply  of  cold  liquid 
will  at  once  remove  that  condition,  the  rehef  of  the 
Systemic  sensation  not  immediately  producing  relief 
of  the  local  sensation,  nevertheless,  so  long  as  the  sys- 
tem is  in  need  of  liquid,  the  feeling  of  thirst  must 
continua  Claude  Bernard  observed  that  a  dog  which 
had  an  opening  in  its  stomach  drank  unceasingly,^  be- 
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cause  the  water  ran  out  as  fSost  as  it  was  swallowed ; 
in  Yain  the  water  moistened  montli  and  throat  on  its 
-way  to  the  stomach,  Thirst  was  not  appeased  because 
the  water  was  not  absorbed.  The  dog  drank  till  fatigae 
forced  it  to  pause,  and  a  few  minutes  afterwards  recom- 
menced the  same  hopeless  toil ;  but  no  sooner  was  the 
opening  closed,  and  the  water  retained  in  the  stomach, 
from  whence  it  was  absorbed  into  the  system,  than 
thirst  quickly  yanished* 

After  learning  the  physiological  importance  of  water, 
and  remonbeiing  how  the  water  is  continually  being 
removed  from  the  body  in  respiration,  perspiration,  and 
the  various  excretions,  we  are  greatly  puzzled  by  the 
great  variations  which  animals  exhibit  in  the  quantity 
they  drink.  The  difficulty  is  not  explained  by  a  re- 
ference to  the  food  of  the  animals,  for  some  vegetable 
feeders  require  large  quantities  of  water,  while  others 
subsist  for  months  without  drinking,  the  supply  they 
receive  in  the  v^tables  they  eat  being  sufficient  for 
their  wanta 

Dr  Livingstone  found  the  elands  on  the  Kalahari 
Desert,  although  in  places  where  water  was  perfectly 
inaccessible,  with  eveiy  indication  of  being  in  splendid 
condition,  and  their  stomachs  actually  contained  con- 
siderable quantities  of  water.  "  I  examined  carefdlly 
the  whole  alimentary  canal,'^  he  says,  "  in  order  to  see 
if  there  were  any  pecidiarity  which  might  account  for 
the  fact  that  these  animals  can  subsist  for  months 
together  without  drinking,  but  found  nothing.    Other 

*  CULUDE  BSBNABD :  LegoM  d4  Phjftiologie  JSxpirimentale,  ii.  £1. 
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jiTiimAla^  such  as  the  duiker  {Cej^hcdopus  mergena),  the 
steinbuck  (Tragulus  rupestris),  the  gemsbuck  (Oryx 
capensis),  and  the  porcupine,  are  all  able  to  aubdat  for 
many  months  at  a  time  by  liviBg  on  bulbs  and  tubers 
containing  moistura  Some  animals,  on  the  other  handy 
are  never  seen  but  in  the  vicinity  of  water.  The  pr^ 
sence  of  the  rhinoceros,  buffalo,  and  gnu,  of  the  giraffe; 
zebra,  and  pallah  (Antelope  meUmpus),  is  always  a 
certain  indication  of  water  being  within  seven  or  eight 
milea''* 

The  only  solution  of  the  difficulty  which  presents 
itself  to  my  mind  is,  that  animals  which  can  subsist 
long  without  drinking,  do  not  lose  more  water  by  eva- 
poration and  excretion  than  can  be  replaced  by  their 
vegetable  food,  since  that  they  reqwire  the  same  amount 
of  water  as  other  animals  for  the  performance  of  all 
their  fdnctions  is  physiologicaUy  certain.  It  has  been 
observed  that,  in  persons  who  voluntarily  abstain  from 
drinking,  the  excretions  were  diminished  to  a  mini- 
mum. Sauvages,  in  his  Nosologia  Medica,  mentions 
the  case  of  a  member  of  the  University  of  Toidouse 
who  never  knew  what  thirst  was,  and  passed  several 
months,  even  in  the  heat  of  summer,  without  drinking. 
Another  case  is  dted  by  the  same  author  of  a  woman 
who  took  no  liquid  for  forty  days.  M.  B^rard  thinks 
that  the  marvellousness  of  these  &cts  disappears  when 
we  remember  how  much  liquid  is  contained  in  all 
food  ;f  but  I  am  rather  disposed  to  doubt  the  accuracy 

*  JjiYnr OSTONB :  Miuionary  Travelt  xn  South  Africa,  p.  5<S. 
t  Berard  :  Coun  d$  Fhytiologie,  vol.  ii.  p.  504. 
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of  the  facts  than  to  accept  snch  an  explanation :  at  any 
rate,  they  are  facts  so  very  exceptional  as  to  have  little 
bearing  on  onr  general  argnment 

The  effects  of  Thirst  are  first  a  dryness  of  the  mouth, 
palate,  and  throat ;  the  secretions  become  less  copious ; 
the  mouth  is  covered  with  a  thick  mucus,  the  tongue 
deaves  to  the  palate,  the  voice  becomes  hoarse.  Then 
the  eyes  flash  fire,  the  breathing  becomes  difficult,  a 
feverish  excitement,  often  passing  into  delirium,  comes 
on.*  Sleep  is  fitful,  and  distressed  by  dreams  akin  to 
ihe  torments  of  Tantalus.  The  men  shipwrecked  in 
the  ''  Medusa"  dreamt  constantly  of  shady  woods  and 
running  streams. 

It  is  to  be  noticed  that  the  sensation  of  Thirst  is 
never  agreeable,  no  matter  how  slight  it  may  be,  and 
in  this  respect  is  unlike  Hunger,  which,  in  its  incipient 
state  of  Appetite,  is  decidedly  agreeable.  The  bodies 
of  those  who  have  perished  from  Thirst  show  a  general 
dryness  of  all  the  tissues,  a  thickening  of  the  humours, 
a  certain  degree  of  coagulation  of  the  blood,  number- 
less indications  of  inflammation,  and  sometimes  gan- 
grene of  the  principal  viscera.  According  to  Longet, 
Thirst  kills  by  an  inflammatory  fever.  Hunger  by  a 
putrid  fever.-f- 

*  From  some  ezperimenta  by  ProfeBsor  E.  Harlbss,  in  Munich,  at 
which  I  aadsted,  it  appenred  that  the  nerves  gain  an  extraordinary 
increfut  in  thdr  excitability  as  their  proportion  of  water  decreases. 
(For  a  fuller  account  of  this  remarkable  fact,  see  Bibkneb,  Das  Wauer 
derjftnen,  1858.)  The  nerrous  excitability,  delirium,  and  sleepless- 
ness, occasioned  by  Thirst,  may  be  greatly  owing  to  this  cause. 

t  LoHOBT :  Traiti  de  Phyaiologie, 
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Such  are  Hunger  and  Thirst,  two  mighty  impulses, 
beneficent  and  terrible,  monitors  ever  vigilant,  warning 
us  of  the  need  there  is  for  Food  and  Drink — sources  of 
exquisite  pleasure  and  of  exquisite  pains,  motives  to 
strenuous  endeavour,  and  servants  to  our  higher  aimsL 
We  are  all  familiar  with  them  in  their  gentler  aspects ; 
may  we  never  know  them  in  their  dreadful  impor- 
tunities ! 


CHAPTER  IL 

FOOD   AND   DRINK 

SECTION  I.— ON  THE  NATUSE  OF  FOOD. 

• 

Varie^M  of  food — The  eaters  of  clay— -The  chemical  and  physiological 

methods  of  investigation — "  One  man's  meat  another  man's  poison/' 

lUostrated — ^A  caution  to  parents — ^Wholesome  and  unwholesome 

&od — Relation  of  food  to  the  organism — Vital  process  incapable  of 

chemical  explanation — Difference  between  chemistry  and  physiology 

—A  canon  of  philosophy — Is  the  &mily  a  type  of  the  State? — 

Chemical  problems  are  quantitative ;  physiological  problems  qualita- 

tive—Iiebig^s  classification  of  food  into  plastic  and  respiratory  not 

soceptable— Liebig^s  error  arises  from  his  taking  the  chemical  point 

of  ^w — Facts  against  him — Experiments  on  animals — The  rice' 

satiog  Hindoos — ^The  food  in  cold  countries — Results  of  inquiry — 

Inoiganic  food — Nutrition  in  plants  and  ft^imula  misunderstood — 

Phosphate  of  lime  in  the  body ;   amount  of  water  in  the  body ; 

uiunmt  of  salt — Uses  of  salt — ^The  law  of  endosmosiB. 

An  Irisli  peasant,  in  a  windowless  hut,  dining  off  a 
ineal  of  potatoes  and  skimmed  milk,  flavoured  by  the 
&roma  of  a  lively  imagination  as  each  mouthful  is 
"pointed"  at  the  side  of  bacon  hanging  against  the 
^all,  and  a  London  Alderman  seated  at  a  Guildhall 
feast,  are  two  figures  presenting  an  impressive  con- 
trast of  the  varieties  of  Food  with  which,  in  the  rest- 
activity  of  life,  the  human  organism  repairs  its 
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lesBaiit  vaste  Potatoes  and  skimmed  milk,  and  it 
ty  be  a  little  sea-veed,  supply  the  wanta  of  the  one ; 
lore  the  other  there  is  spread  a  wastefdl  profusian 
tortle  c^tored  on  the  North  American  coaats,  <^ 
7key  reared  in  qoiet  brmyards,  of  mutton  gnued 
on  the  downa  of  Sussex,  of  beef  fed  on  the  rich 
iture-lands  of  Herefordshire,  of  pheasants  shot  in  a 
bleman's  preserves,  of  turbot  from  the  Atlantic 
eau,  and  salmon  from  the  Scotdi  and  Irish  rivers, 
cheese  from  France  and  Switzerland,  oil  from  Italy, 
cee  fivm  the  East,  and  vines  from  Portugal,  Ger^ 
my,  and  France  —  a  gathering  from  all  nations, 
orted  with  exqnisite  culinary  skill  Yet,  in  spite  of 
tee  differences  in  the  things  consumed  by  the  two 
n,  the  dinner  of  the  one  and  the  dinner  of  the  other 
!ome  transmuted  by  vital  processes  into  similar 
ih  and  blood,  into  the  same  organic  substance  and 
;&nic  force. 

Bowever  various  the  articles  of  Food  and  Drink 
y  be,  it  is  clear  that  there  must  be  a  process  by 
ich  all  differences  are  annulled,  and  a  similar  reeult 
ained.  Whatever  characters  these  substances  m^ 
re  outside  the  organism,  must  be  altered  shortly 
er  their  entrance  into  it,  c^iecific  differences  must 
lish,  and  all  varieties  be  merged  in  a  vital  unity, 
rhe  hunter  on  the  Pampas  subsists  on  budalo  be^ 
^  scarcely  a  particle  of  vegetable  food  to  vaiy  his 
t.  The  Hindoo  is  content  with  rice  and  randd 
liter,  and  cannot  be  induced  to  eat  flesh.  The 
senlaoder  gorges  himself  vrith  whale  oU,  and  ani* 
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mal  £bAs  of  any  kind  he  can  secure ;  the  moderate 
Arab  has  his  bag  of  dates,  his  lotos-bread,  and  dhourra. 
On  the  coast  of  Malabar  we  find  men  regarding  with 
religious  horror  eveiy  species  of  animal  food;  while 
the  native  of  New  Holland  has  not  a  single  edible 
fruit  larger  than  a  cherry  on  the  whole  sorface  of  his 
vast  island.  The  Englishman  considers  himself  igno- 
miniously  treated  by  fortune  if  he  cannot  get  his  beef 
or  bacon ;  the  peasant  of  the  Apennines  is  cheerful 
with  his  meal  of  chestnuta 

Besides  varieties  in  the  staple  articles  of  Food,  there 
are  the  infinite  varieties  of  fancy.    Our  Chinese  friends 
make  delicacies  of  rats  and  of  birds'  nests ;  our  French 
allies  are  epicurean  over  the  hind-legs  of  frogs.    The 
ancients,  who  carried  epicureanism  to  lengths  never 
dreamed  of  by  Ouildhall,  thought  the  hedgehog  a 
titbit^  and  had  a  word  to  say  in  favour  of  the  donkey, 
which  they  placed  on  an  equality  with  the  ox ;  dogs 
they  considered  equal  to  chickens ;  and  even  cats  were 
iH>t  to  be  despised    The  pork,  which  we  eat  with 
great  confidence,  they  considered,  and  not  untruly,  the 
least  digestible  of  animal  meats,  fit  only  for  artisans  and 
athletes.    They  ate  snails,  at  which  we  shudder,  with 
the  gusto  we  acknowledge  in  eating  oysters.    It  would 
be  difficult  to  persuade  the  British  stomach  to  dine,  in 
fall  consciousness,  off  a  "  sirloin  of  donkey,'"  flanked 
by  **  ribs  of  dog,  with  fried  toadstools.''    Is  this  re- 
pugnance only  prejudice,  or  were  Greek  dogs  and 
donkeys  more  succulent  than  ours  ? 
The  Clay-ecUers. — ^The  varieties  just  rehearsed  are 
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at  any  rate  easily  accepted  as  probable  aliments,  bnt 
what  will  the  reader  say  on  hearing  that  in  many 
parts  of  the  world  even  day  is  a  respectable    and 
respected  food?    Travellers,  who  see  strange  tihings^ 
are  very  positive  in  their  assertions  on  this  head. 
Humboldt,  a  man  whose  word  jndtly  carries  with  it 
European  authority,  confirms  the  statement  of  6umilla» 
that  the  Otomacs  of  South  America,  during  the  periods 
of  the  floods,  subsist  entirely  on  a  fat  and  ferruginous 
clay,  of  which  each  man  eats  daily  a  pound  or  more. 
The  well-known  botanist  and  explorer,  Martins,  in- 
formed me  that  the  Indians  of  the  Amazon  eat  a  kind 
of  loam,  even  when  other  food  is  abundant.    Molina 
says  the  Peruvians  frequently  eat  a  sweet-smelling 
clay ;  and  Ehrenberg  has  analysed  the  edible  clay  sold 
in  the  markets  of  Bolivia,  which  he  finds  to  be  a 
mixture  of  talc  and  mica.    The  inhabitants  of  Guiana 
mingle  clay  with  their  bread;   and  the  negroes   in 
Jamaica  are  said  to  eat  earth  when  other  food  is 
deficient     According  to  Labillardi^re,  the  inhabitants 
of  New  Caledonia  appease  their  hunger  with  a  white 
friable  earth,  said  by  Vauquelin  to  be  composed  of 
magnesia,  silica,  oxide  of  iron,  and  chalk.    The  same 
writer  asserts  that  at  Java  a  cake  is  made  of  ferrugin- 
ous clay  which  is  much  sought  for  by  women  in  their 
pregnancy.    To  conclude  this  list  we  must  add  Siam, 
Siberia,  and  Eamtschatka  as  countries  of  clay-eaters.* 
This  is  rather  a  staggering  accumulation  of  asser- 
tions, which  we  cannot  dismiss  altogether,  even  if  we 

*  BUBDACH :   TraiU  ds  Phytiologie^  ix.  260. 
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suppose  a  large  allowance  of  scepticism  justifiable. 
Granting  the  fact  that  certain  kinds  of  earth  are  really 
nutritious — and  it  is  difficult  to  escape  such  a  con- 
duaion — we  are  completely  at  a  loss  for  an  adequate 
explanation  of  it.  Little  light  is  thrown  on  it  by  the 
assumption^  probable  enough,  that  the  earth  must  con- 
tain organic  matters  ;  because  we  should  imagine  that 
in  ten  pounds  of  such  earth  there  could  scarcely  be 
contained  sufficient  organic  matter  to  supply  the 
demands  of  an  adult 

Nor  will  it  get  rid  of  the  difficulty  to  say  that  the 
earth  only  appeases  hjinger  without  nourishing  the 
system ;  because,  in  the  first  place,  Humboldt's  testi- 
mony is  that  the  Otomacs  subsist  on  the  clay  at  periods 
when  other  food  is  deficient ;  and,  in  the  second  place, 
although  the  local  sensation  of  Hunger  may  be  ap- 
peased by  introducing  substances  into  the  stomach, 
the  more  imperious  systemic  sensation  of  Hunger  is 
not  thus  to  be  appeased.* 

We  must,  therefore,  be  content,  at  present,  with 
accepting  the  fact,  which  the  science  of  a  future  day 
may  possibly  explain. 

Omitting  clay,  as  not  explicable  for  the  present,  we 
propose  to  take  the  reader  with  us  in  an  inquiry, 
baving  for  its  object  to  ascertain  what  Science  can 
tell  us  positively  respecting  the  relation  of  alimentary 
substances  and  the  organism — to  see  what  is  known 
respecting  Food  and  its  varietiea  If  in  the  course  of 
tliis  survey  we  detain  the  reader  to  consider  certain 

*  See  the  Chapter  on  Hunqsb  and  ThiB8T. 
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generalities,  when  he  is  impatient  to  arriye  at  tiie 
details,  let  him  be  assured  that  these  generalities, 
seemingly  too  abstract  and  remote  for  immediate 
practical  objects,  are  essential  to  a  right  comprehen- 
sion of  the  details;  and  that  our  most  practical  and 
pressing  objects,  whether  of  feeding  cattle,  or  feeding 
ourselves,  do  inevitably  rest  upon  abstract  philosophic 
principles,  and  are  determined  by  scientific  hypothesesL 
We  promise  him  abundant  detail,  but  must  ask  him  to 
approach  the  question  through  such  avenues  as  we 
shall  open,  and  not  to  tiy  any  short  cut  of  his  own. 

L  How  TO  Investigate  Food. — ^Assured  as  we  are 
that  all  alimentary  substances  must  be  transformed  into 
the  organic  unity  we  name  Blood,  and  assured  also 
that  the  substances  so  transformed  are  really  various 
in  kind,  specifically  distinct  before  they  have  under- 
gone this  transformation,  it  is  clear  that  our  chief 
attention  should  be  withdrawn  from  the  alimentary 
substances  to  fall  with  greater  emphasis  on  the  ali- 
mentary process;  that  is  to  say,  we  must  less  consider 
what  the  Foods  are  in  themselves,  than  what  relatum 
they  bear  to  the  organism  which  they  nourish. 

Obvious  as  this  may  seem,  it  has  generally  be^i 
disregarded,  especially  of  late  years.  The  researches 
into  the  nature  of  Food  have  been  extensive  and 
minute,  but  they  have  been  almost  exclusively  con- 
fined to  alimentary  substances,  which  have  been  ana- 
lysed, weighed,  and  tabulated  with  great  labour,  and 
in  a  chemical  point  of  view  with  considerable  results  ; 
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bat  in  a  physiological  point  of  view — ^the  only  one 
really  implicated — ^with  scarcely  any  results  at  all 
No  one  doubts  that  Food  is  a  physiological  question, 
inasmuch  as  it  relates  to  an  organism  Nevertheless, 
it  has  fallen  into  the  hands  of  the  chemists ;  and  our 
treatises,  text-books,  and  popular  works,  have  been 
encumbered  by  hypotheses  which  may  amuse  specula- 
tive ingenuity,  but  furnish  very  Httle  positive  result 

Against  this  vice  of  Method,  and  this  misdirection 
of  valuable  labour,  a  voice  should  energetically  be 
raised.  The  error  is  not  a  speculative  error,  simply  ; 
it  is  one  carrying  important  consequences ;  it  either 
leads  physicians  and  farmers  into  serious  mistakes,  or 
leads  them  to  throw  up  scientific  guidance  in  disgust, 
because  the  hjrpothesLs,  so  convincing  on  paper,  turns 
oat  stubbornly  irreconcilable  with  fact 

Let  us  not,  however,  be  misunderstood.    In  declar- 
ing the  chemical  hypothesis  on  the  subject  of  Food  to 
iridch  liebig,  Dumas,  Boussingault,  Fayen,  and  others. 
We  ^ven  the  sanction  of  their  names,  to  be  more  of 
an  encumbrance  than  an  illumination,  we  have  not  the 
remotest  intention  of  undervaluing  their  laboura    All 
real  work  is  important,  no  genuine  research  is  un- 
worthy of  our  gratitude ;  but  it  is  one  thing  to  rever- 
ence  power,  and  respect  the  work  achieved,  another 
thing  to  assign  the  nature  and  position  of  that  work. 
With  regard  to  the  vast  chemical  researches  into  the 
mbjeet  of  Food  which  have  occupied  a  quarter  of  a 
century,  it  seems  to  me  that  their  value  has  been 
ahnost  ezdusivdy  chismical,  and  only  in  an  indirect 
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and  limited  degree  physiological.    Hence,  in  spite  of 
the  unaniniity  and  apparent  precision  observable  in 
the  analyses  and  hypotheses  offered  by  chemists,  no 
important  practical  results  have  been  attained,  scarcely 
a  single  alimentary  problem  has  been  solved  by  them. 
There  may  be  readers  who,  failing  to  see  the  ground 
of  this  distinction  between  chemical  and  physiological 
investigations,  will  not  miderstand  the  importance  I 
attach  to  it ;  but  they  will  perhaps  come  round  to  my 
point  of  view  before  this  chapter  reaches  its  closa 
The  chemists,  whatever  we  may  think  of  them,  will 
continue  their  labours,  analysing,  weighing,  experi- 
menting, and  propounding  hypotheses  ;  and  it  is  right 
they  should  do  so :  all  honour  and  success  to  them ! 
But  if  the  question  of  Food  is  to  receive  any  practical 
solution,  it  must  no  longer  be  left  in  their  hands ;  or 
only  such  details  of  it  left  in  their  hands  as  properly 
belong  to  them.    It  must  be  taken  up  by  physiologists, 
who,  while  availing  themselves  of  every  chemical  result, 
will  carry  these  into  another  sphere  and  test  them  by 
another  Method.    Not  a  step  can  the  physiologist 
advance  without  the  assistance  of  the  chemist ;  but  be 
must  employ  Chemistry  as  a  means  of  exploration^ 
not  of  deduction — ^as  a  pillar,  not  a  pinnacle — ^an  in- 
strument, not  an  aim.    The  chemist  may  analyse  fat 
for  him ;  but  he,  on  receiving  this  analysis,  will  re- 
quest the  chemist  Tiot  to  trouble  him  with  hypotheses 
respecting  the  part  played  by  fat  in  the  organism  ;  for 
although  the  chemist  may  accurately  estimate  the  heat 
evolved  in  the  oxidation  of  so  much  fat,  the  physiolo- 
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gist  has  to  do  with  a  vital  laboratory,  extremely  unlike 
that  in  which  the  chemist  works,  and  he  has  to  ascer- 
tain how  the  fat  comports  itself  there. 

Alimentary  substances  are  substances  which  serve 
as  nourishment ;  but  a  great  mistake  is  made  when  it 
is  imagined  that  their  nutritive  value  can  chiefly  reside 
in  the  amounts  of  carbon,  nitrogen,  hydrogen,  oxygen, 
and  salts,  which  they  contain ;  it  resides  in  the  rela- 
tion which  the  several  substances  bear  to  the  organism 
they  are  to  nourisL 

Music  is  not  harmonious  to  the  deaf,  nor  is  colour 
splendid  to  the  blind.  The  substance  which  nourishes 
one  animal  affords  no  nourishment  to  another,  nor  will 
any  table  of  "  nutritive  equivalents,"  however  precise, 
convince  us  that  a  substance  ought  to  nourish,  in  vir- 
tue of  its  composition,  when  experience  tells  us  that 
it  does  not  nourish,  in  virtue  of  some  defective  relation 
between  it  and  the  organism. 

That  "  one  man's  meat  is  another  man's  poison  "  is 
a  proverb  of  strict  veracity.  There  are  persons,  even  in 
Europe,  to  whom  a  mutton-chop  would  be  poisonous. 
The  celebrated  case  of  the  Abb^  de  Yilledieu  is  a  rare, 
but  not  unparalleled  example  of  animal  food  being 
poisonous :  from  his  earliest  years  his  repugnance  to 
it  was  80  decided,  that  neither  the  entreaties  of  his 
parents  nor  the  menaces  of  his  tutors  could  induce 
him  to  overcome  it  After  reaching  the  age  of  thirty 
on  a  regimen  of  vegetable  food,  he  was  over-persuaded, 
and  tried  the  effect  of  meat  soups,  which  led  to  his 
eatmg  both  mutton  and  beef;  but  the  change  was 
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£&tal :  plethora  and  sleepiness  supervened,  and  he  di6d 
of  cerebral  inflammation.* 

In  1844,  a  French  soldier  was  forced  to  quit  the 
service  because  he  could  not  overcome  his  violent  re- 
pugnance  and  diflgoBt  towards  animal  food 

Dr  Prout,  whose  testimony  will  be  more  convincing 
to  English  readers  than  that  just  dted,  knew  a  person  on 
whom  mutton  acted  as  a  poison :  ''  He  could  not  eat  mut- 
ton in  any  form.  The  peculiarity  was  supposed  to  be 
owing  to  caprice,  but  the  mutton  was  repeatedly  dis- 
guised  and  given  to  him  unknown ;  but  uniformly  with 
the  same  result  of  producing  violent  vomiting  and  diar- 
rhoea. And  from  the  severity  of  the  effects,  which  were 
in  fact  those  of  a  virulent  poison,  there  can  be  little  doubt 
that  if  the  use  of  mutton  had  been  persisted  in,  it 
would  soon  have  destroyed  the  life  of  the  individual'' 
Dr  Pereira,  who  quotes  this  passage,f  adds, ''  I  know  a 
gentleman  who  has  repeatedly  had  an  attack  of  indi- 
gestion after  the  use  of  roast  mutton." 

Some  persons,  it  is  known,  cannot  take  coffee  with- 
out vomiting ;  others  are  thrown  into  a  general  inflam- 
mation if  they  eat  cherries  or  gooseberries.  Hahn 
relates  of  himself  that  seven  or  eight  strawberries 
would  produce  convulsions  in  him.  Tissot  says  he 
could  never  swallow  sugar  without  vomiting.  Many 
persons  are  unable  to  eat  eggs ;  and  cakes  or  puddings 
having  eggs  in  their  composition,  produce  serious  dis- 

*  Journal  de  MSdieine,    Ao^t  1 769,  quoted  by  LUOAS,  2)«  PHMditS, 
who  is  the  authority  for  the  next  statement, 
t  PcREiBA :  Treatit€  on  Food  and  Diet,  p.  242. 
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torbances  in  snch  persons :  if  they  are  indnoed  to  eat 
them  under  false  assurances  of  no  eggs  having  been 
employed,  they  are  soon  undeceived  by  the  unmistak- 
able effects. 

Under  less  striking  forms  this  difference  in  the  assi- 
milating power  of  different  human  beings  is  familiar 
to  us  all ;  we  see  our  firiends  freely  indulging,  with 
benefit  instead  of  harm,  in  kinds  of  food  which,  expe- 
rience too  paLofhlly  assures  us,  we  can  eat  only  with 
certain  injury. 

To  this  fact  the  attention  of  parents  and  gaardians 
should  seriously  be  given,  that  by  it  they  may  learn  to 
avoid  the  petty  tyranny  and  folly  of  insisting  on  chil- 
dren eating  food  for  which  they  manifest  repugnance. 
It  is  too  common  to  treat  the  child's  repugnance  as  mere 
caprice,  to  condemn  it  as  ''  stuff  and  nonsense,"  when 
he  refuses  to  eat  fat,  or  e^s,  or  certain  vegetables,  and 
"wholesome"  puddings.    Now,  even  a  caprice  in  such 
matters  should  not  be  altogether  slighted,  especially 
when  it  takes  the  form  of  refiisal ;  because  this  caprice 
is  probably  nothing  less  than  the  expression  of  a  par- 
ticnlar  and  temporary  state  of  his  organism,  which 
we  should  do  wrong  to  disr^ard.    And  whenever  a 
lefosal  is  constant,  it  indicates  a  positive  imfitness  in 
the  Food. 

Only  gross  ignorance  of  Physiology,  an  ignorance 
luihappily  too  widely  spread,  can  argue  that  because  a 
certain  article  is  wholesome  to  many,  it  must  neces- 
sarily be  wholesome  to  alL  Each  individual  organism  is 
specifically  different  from  every  other.    However  much 
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it  may  resemble  others,  it  necessarily  in  some  points 
differs  from  them ;  and  the  amount  of  these  differences 
is  often  considerable.    K  the  same  wave  of  air  striking 
upon  the  tympanum  of  two  different  men  wiU  produce 
sounds  to  the  one  which  to  the  other  are  inappreciable 
— ^if  the  same  wave  of  light  will  affect  the  vision  of 
one  man  as  that  of  red  colour,  while  to  the  vision  of 
another  it  is  no  colour  at  aU,  how  unreasonable  is  it  to 
expect  that  the  same  substance  will  bear  precisely  the 
same  relation  to  the  alimentary  system  of  one  man  as  to 
that  of  another !    Experience  tells  us  that  it  is  not  so. 
A  glance  at  the  animal  kingdom  reveals  the  striking 
differences  manifested  by  two  closely  allied  organisms 
in  their  capability  of  assimilating  the  same  substanca 
There  are  two  species  of  Ehinoceros,  the  black  and  the 
white.    The  black  species  feeds  on  the  graceful,  but 
deadly,  plant,  Euphorbia  candelabrum^  and  converts 
it  into  its  own  substance ;  but  if  the  white  species 
happen  to  eat  thereof,  it  is  inevitably  poisoned.    The 
Herbivora  are  divided  into  two  classes,  the  first  sub- 
sisting on  a  variety  of  plants,  the  second  on  one  kind 
only.    But  even  the  various  feeders  will  not  touch  cer- 
tain plants  eagerly  devoured  by  others  :  thus  the  horse 
passes  over  almost  all  the  cruciferae ;  the  ox  all  the 
labiates ;  goats,  oxen,  and  lambs  refuse  almost  all 
the  solanesB.    The  poisons  are  food  to  many ;  the  rab- 
bit devouring  belladona,  the  goat  hemlock,   and  the 
horse  aconite.     The  dog  will  feed  on  bread,  or  bis- 
cuit, which  his  ancestor  the  wolf  would  starve  rather 
than    touch.      The  cat,   although  preferring  animal 
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food,  will  eat  bread  and  milk,  which  the  tiger  will  not 
look  at 

We  have  brought  these  facts  forward  for  the  sake  of 
giving  distinct  relief  to  the  importance  which  must 
inevitably  belong  to  physiological  considerations  in 
every  question  of  Food ;  and  to  indicate  the  necessity 
of  fixing  our  attention  on  the  organism  to  be  nourished, 
rather  than  on  the  chemical  composition  of  the  svb- 
stances  which  nourish  it 

When  we  are  building  a  bridge,  or  making  a  machine, 
we  can  accurately  guide  ourselves  by  estimates  of  the 
strength  of  the  wood  and  iron,  because  these  substances 
do  not  lose  their  properties  under  new  arrangements ; 
bat  in  building  the  mysterious  fabric  of  the  body,  we 
have  little  or  no  guidance  from  our  estimates  of  the 
properties  of  substances  ov^  of  the  body,  because  the 
body  itself  is  an  important  factor  in  the  sum,  acting  on 
the  substances  as  well  as  being  acted  on  by  them,  annul- 
ling or  exaltbig  their  ordinary  properties  in  a  way  quite 
peculiar  to  itself  And  it  is  because  tins  has  been  over- 
looked, or  not  sufficiently  estimated,  that  our  text-books 
are  at  once  so  precise,  and  so  erroneous.  Open  almost 
any  work  on  Physiology  or  Organic  Chemistry,  and  you 
will  meet  with  expositions  of  the  theory  of  Food,  and 
the  nutritive  value  of  various  aliments,  which  are  so 
precise  and  so  unhesitating  in  their  formulas,  that  you 
will  scarcely  listen  to  me  with  patience  when  I  assert 
that  the  precision  is  &llacious,  and  the  doctrines  de- 
monstrably erroneous.  Nevertheless  I  hope,  before 
concluding,  to  convince  you  that  Chemistry  is  itself  in 


64  FOOD  AND  DBINK. 

too  imperfect  a  condition  to  give  clear  and  satislactcrj 
answers  to  its  own  questions  in  this  direction — ^as  Mul- 
der and  Lehmann  firankly  avow* — and  farther,  that 
Chemistry,  even  supposing  it  to  be  perfect,  must  er^ 
be  incompetent  to  solve  physiological  problems,  to 
which,  indeed,  it  must  always  afford  indispensable  aid^ 
without  hope  of  doing  mora 

Vital  processes  depend  on  chemical  processes,  but 
are  not  themselves  chemical,  and  cannot,  therefore,  be 
explained  by  Chemistry.  There  is  something  special 
in  vital  phenomena  which  necessarily  transcends  chemi- 
cal investigation.  We  need  not  pretend  to  settle  what 
vitality  is,  or  on  what  the  speciality  of  its  pheno- 
mena ultimately  rests,  to  be  assured  that  it  is  some- 
thing different  from  what  goes  on  in  laboratories,  and 
demands  other  tests  than  those  furnished  by  Chemistry. 
The  philosophic  poet  warns  us — 

"  From  higher  jadgment-seata  make  no  appeal 
To  lower;" 

and  such  appeal,  from  higher  to  lower,  is  the  appeal  of 
Physiology  to  Chemistry.  No  analysis  of  a  nerve  will 
ever  throw  light  on  Sensibility;  no  arrangement  of 
chemical  formulse  will  explain  the  form  and  properties 
of  a  cell  You  may  take  a  mechanism  to  pieces,  and 
explain  by  physical  laws  the  action  and  interaction  of 
each  wheel  and  chain  ;  but  you  cannot  take  an  organ- 
ism to  pieces,  and  explain  its  properties  by  chemical 
laws,  such  as  are  revealed  in  the  laboratoiy.      K 

*  Muldkb:  Venueheiner  PhytioL  Chemie,     Lbhhakk:  Lehrbueh 
der  FhynoL  Chemie,  2d  edit. 
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an  overwhelming  illustration  of  this  obvious  truth  be 
needed,  yre  find  it  in  the  egg  of  an  animal :  here  is  a 
microscopic  sphere,  composed  of  substances  well  known 
to  chemists^  which  contains  potentially  an  animal,  and 
which  will  reproduce  not  only  the  form,  features, 
stature,  and  specific  attributes  of  the  parent  animals, 
but  also  many  of  their  acquired  habits,  tendencies,  and 
tricks ;  has  Chemistry,  in  the  whole  extent  of  its  domain, 
anything  analogous  to  this  ?    Can  Chemistry  furnish 
ns  with  even  an  approach  to  an  explanation  of  it  ? 
Chemical  analysis  may  conduct  us  to  the  threshold 
of  Life,  but  at  the  threshold  all  its  guidance  ceasea 
There,  a  new  order  of  complications  intervenes,  a  new 
series  of  laws  has  to  be  elicited.    Chemistry  confesses 
its  inability  to  construct  complex  organic  substances, 
or  even  to  say  how  they  are  constructed ;  it  can,  at 
present,  only  say  of  what  they  are  constructed.    This 
being  so,  it  is  dear  that  every  attempt  to  explain  che- 
mically the  nutritive  value  of  any  aliment  by  an  enu- 
meration of  its  constituents,  must  belong  to  what 
Berzelius  admirably  styles  "  the  physiology  of  proba- 
bOitiea" 

There  is  one  cardinal  rule  which  can  never  be  violated 
with  impunity,  and  which  is,  nevertheless,  perpetually 
violated  in  our  gropings  towards  the  light.  It  is  this : 
^^ver  attempt  to  solve  the  problems  of  one  science  by 
^  order  of  conceptions  peculiar  to  another. 

There  is  an  order  of  conceptions  peculiar  to  Physics, 
a&oiher  pecQliar  to  Chemistry,  a  third  peculiar  to 
Rijaiology,  a  fourth  pecoUar  to  Psychology,  a  fifth 
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peculiar  to  Social  Science  While  all  these  sciences 
are  intimately  related,  each  has  its  sphere  of  indepen- 
dence which  must  be  respected.  Thus  Chemistiy  pre- 
supposes  Physics,  and  Physiology  presupposes  Chemis- 
try ;  but  physical  laws  will  not  alone  explain  chemical 
phenomena,  chemical  laws  will  not  alone  explain  vital 
phenomena ;  nor,  conversely,  will  Chemistry  solve  phy- 
sical problems,  nor  Physiology  solve  chemical  problem& 
In  every  vital  process  physical  and  chemical  laws  are 
implied,  and  the  knowledge  of  these  becomes  indispen- 
sable ;  but  over  and  above  these  laws,  there  are  the 
specific  laws  of  Life,  which  cannot  be  deduced  from 
Physics  and  Chemistry  * 

An  illustration  drawn  from  social  science  may  serve 
to  render  this  canon  intelligible,  and  at  the  same  time 
to  uproot  a  widespread  fallacy.  Few  errors  have  gained 
more  general  acceptance  than  that  which  declares  the 
Family  to  be  the  perfect  type  of  the  State.  This  fid- 
lacy  would  have  us  regulate  polity  by  domestic  rulea 
A  paternal  government,  in  which  the  monarch  is  the 
head  of  the  family ;  and  a  social  government,  in  which 
all  men  are  united  as  brothers,  are  the  ideals  of  absolut- 
ists and  socialists,  who  are  pitiless  in  scorn  of  all  other 
political  schemes.  When  we  see  how  a  well-conducted 
household  is  harmoniously  governed,  each  member  ful- 
filling his  proper  office,  and  each  assisting  all ;  when 
we  see  how  the  farmer  administers  his  affairs  without 

*  What  is  said  in  tho  text  is  by  no  means  to  be  interpreted  as  indi- 
cating belief  in  the  so-oalled  "  Vital  force  ; "  but  the  question  wiU  be 
fully  discussed  in  the  final  chapter  of  this  work. 
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mj  one  to  question  his  absolute  will ;  the  idea  of  so 
luauagiTig  a  nation  naturaUy  suggests  itself;  for,  What 
is  a  nation  but  an  extension  of  the  fjEunUy  ?  ask  the 
theorists. 

I  answer,  the  Fanuly  is  specifically  different  from 
the  Nation :  it  is  no  type  of  the  State,  because,  not  to 
mention  other  points,  it  has  the  bond  of  personal  affec- 
tion, and  the  bond  of  personal  interest,  which  two 
puissant  influences  can  never  operate  to  anything  like 
the  same  extent  on  the  State.    The  father  dearly  loves 
his  children,  and  his  despotism  may  be  absolute  because 
it  is  truly  paternal :  his  tender  vigilance  and  forgiving 
love  will  soften  all  the  harshness  of  absolute  rule.    But 
no  philanthropist  will  be  romantic  enough  to  expect 
that  king  or  kaiser  can  by  any  possibility  feel  this  affec- 
tion for  his  subjects ;  and  thus  one  e8sen;tial  element 
of  the  fjamily  disappears.    Again,  the  father's  personal 
interest  is  bound  up  with  his  administration  (as  the 
fiurmer's  is),  and  every  false  step  he  makes  wiU  be  made 
feelingly  evident  to  hinoL    But  the  sovereign's  personal 
interest  is  not  in  any  such  manner  directly  bound  up 
with  the  goodness  of  his  administration ;  if  he  can 
keep  secure  upon  his  throne,  if  neither  revolutions  nor 
assassins  are  provoked,  it  can  make  little  difference  to 
lus  welfare  that  the  streets  are  filled  with  lamentations, 
and  the  battle-field  with  corpses.    And  even  supposing 
lum  to  be  tender-hearted  and  conscientious,  really  de- 
airons  of  the  good  of  his  subjects,  yet  his  own  personal 
interest  is  not  so  directly  and  obviously  bound  up  with 
theirs  as  that  of  the  father  is  with  his  household.    Thus, 
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on  the  supposition  that  the  despot  is  the  best  and 
wisest  of  men,  and  his  subjects  are  really  desirous  o£ 
universal  brotherhood  (two  rather  extraordinaiy  as- 
sumptions always  quietly  made),  the  Family  conld 
offer  no  proper  type  of  the  State,  because  the  two  most 
puissant  elements  in  the  Family  must  be  wanting  in 
the  State. 

The  application  of  the  canon  just  laid  down  is  easily 
seen :  while,  on  the  one  hand,  the  Family  must  neces- 
sarily enter  into  the  State,  which  is  in  truth  an  aggre- 
gation of  families,  it  can  never  fiimish  the  typical  laws 
for  the  State,  because  the  actions  of  individual  men 
cannot  be  the  standard  for  the  actions  of  masses,  and 
the  mere  aggregation  of  families  brings  about  such  a 
complication  of  interests,  passions,  and  opinions,  that 
a  totally  new  set  of  relations  is  evolved. 

Thus  precisely  as  Polity  presupposes  Domesticity, 
but  is  not  embraced  by  it — ^precisely  as  the  State  is 
dependent  on  the  Family,  and  is,  nevertheless,  belong- 
ing to  a  higher  jurisdiction,  so  does  Physiology  presup- 
pose Chemistry,  but  is  not  included  in  it,  cannot  be 
wholly  regulated  by  its  laws.  Domestic  life  furnishes 
the  basis  for  political  life,  as  chemical  actions  furnish 
the  basis  for  vital  actions. 

"Whatever  the  future  progress  of  Chemistry  may 
effect  in  the  way  of  simplifying  physiological  problems 
(and  no  one  doubts  that  it  must  greatly  aid  us),  there 
is  one  radical  distinction  which  must  ever  keep  the 
two  sciences  separate.  It  is  this  :  Chemical  laws  are 
qtiantitative,  because  chemical  actions  are  definite  com- 
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binations;  whereas  physiological  laws  can  never  be- 
come quantitative,  but  only  qualitative,  because  vital 
substances  are  indefinite  in  composition ;   that  is  to 
say,  while   chemical  substances  are  formed  by  com- 
binations of  unvarying  quantities,  never  more,  never 
less— so  much  acid  to  so  much  base  always  forming 
the  same  salt,  so  many  atoms  of  one  substance  always 
imiting  with  so  many  of  another  to  form  a  third ;  the 
sabstances  on  which  vital  actions  specially  depend  are 
never  precisely  and  accurately  definite :  ihey  vary  in 
different  individuals,  and  at  different  ages  of  the  same 
individual ;   and  as  every  variation  in  composition 
necessarily  affects  the  properties  of  each  substance,  it 
is  impossible  that  physiological  actions  can  be  reduced 
to  those  exact  quantitative  formulse  on  which  Chemis- 
try is  fomided.     Chloride  of  sodium  is  the  same  sub- 
stance, having  precisely  the  same  composition  and  pro- 
P^es,  whether  taken  &om  the  sea,  from  the  earth, 
fr«m  the  plant,  or  manufactured  in  the  laboratory. 
But  nerve-tissue  is  never  precisely  the  same  in  two 
men ;  the  blood  of  two  men  is  never  precisely  alike ; 
the  nulk  of  two  women  is*  never  identical  in  composi- 
Uon— they  vary  (within  certain  limits),  and  sometimes 
the  variation  is  considerable.    It  is  on  this  that  de- 
pends what  we  call  the  difference  of  "  temperament," 
™ch  nukes  one  twin  so  unlike  his  brother,  and  makes 
*e  great  variety  of  the  human  race. 

If  in  this  digression  the  reader's  assent  has  been 
Pnied,  he  will  see  that,  from  the  radical  incompetence 
^  ChemistTy  to  settle  any  true  physiological  question 
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whatever,  all  the  laborious  efforts  of  later  years  have 
been  barren,  or  nearly  so,  as  regards  the  important 
subject  of  Food,  because  they  have  been  only  chemical 
reasonings  on  Physiology.  Plausible  and  brilliant  as 
some  of  the  theories  have  been,  they  are  all  at  fiemlt 
when  reduced  to  practice.  They  have  gained  general 
acceptance,  because  of  the  simplicity  with  which  they 
seemed  to  solve  abstruse  problems;  and  the  human 
mind  is  so  eager  to  have  explanations,  that  any  logical 
plausibility  is  sure  to  captivate  it 

IL  Liebig's  Classification  of  Food. — Of  all  cur- 
rent hypotheses  on  this  subject,  none  claims  a  doaer 
scrutiny  than  that  which  Liebig  has  made  familiar  to 
all  Europe,  and  which,  winged  by  the  two  qualities  of 
simplicity  and  plansibiHty.  has  been  carried  into  the 
lecture-room  and  study,  where  it  continues  to  hold  its 
place,  in  spite  of  the  growing  conviction  that  it  is  un- 
tenable. 

To  render  the  classification  intelligible  to  those  un- 
familiar with  chemistry,  it  is  needful  to  premise  that 
organic  substances  are  chiefly  composed  of  the  four  ele- 
ments :  oxygen,  hydrogen,  carbon,  and  nitrogen.  Some 
few  of  these  substances — such  as  the  essential  oils — 
contain  only  carbon  and  hydrogen.  A  far  greater 
number,  including  the  fixed  oils,  starch,  sugars,  vine- 
gar, and  alcohol,  contain  oxygen  as  well  as  carbon  and 
hydrogea  One  of  the  chemical  peculiarities  of  the 
starchy,  or  saccharine,  group  is,  that  these  substances 
all  contain  oxygen  and  hydrogen  in  exactly  the  propor- 
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lions  which  would  form  water ;  and,  although  it  is  not 
supposed  that  these  elements  exist  under  the  form  of 
water  in  these  substances,  the  chemists  have  named 
this  group  the  hydraies  of  carbon,  or  carbo-hydrates. 
Besides  these  two  classes  there  is  a  third,  which  contains 
nitrogen,  in  addition  to  the  oxygen,  hydrog^  and 
carbon.  This  group  includes  the  seeds  of  plants  and 
the  tissues  of  animala  The  amount  of  nitrogen  in  these 
sdbstanoes  is  small  compared  with  the  amount  of  car- 
bon: nevertheless  the  mere  presence  of  nitrogen  has 
caused  them  to  be  distinguished  as  the  nitrogenous 
group ;  while  the  other  classes  are  placed  together  as 
the  nonruitrogenous,  or  carbonaceouSy  ffroup. 

Bearing  this  in  mind,  we  shall  understand  Liebig^s 
division  of  Food  into  two  classes : 

The  first  is  Plastic,  or  tissue-making,  and  comprises 
those  oi^ganic  substances  into  the  composition  of  which 
nitrogen  enters  largely.    These  nitrogenous  substances 
are — 1**,    VegetaUe  Albumen,  Fibrine,  and  Caseine; 
and,  2^  Ani'mal  Flesh  and  Blood    They  are  said  to 
be  plastic,  or  tissue-making,  because  they  are  capable 
of  being  conyerted  into  Blood  ;  and  from  the  Blood  all 
the  tissues  are  formed    According  to  this  hypothesis, 
no  other  substance  has  any  nutritive  value ;  but  inas- 
much as  many  other  substances  are  employed  for  Food, 
there  must  be  some  purpose  served  by  them.    liebig 
groups  them  together  in  his 

Second  class :  the  nonrmtrogenous  or  heai^making 
8iihfitanoe&  These  substances  are  the  Fats,  Gums, 
Sugars,  Starch,  Pectine,  Bassorine,  Wines,  Beers,  and 
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Spirits.  They  are  all  assumed  to  be  incapable  of  form- 
ing Blood,  or  of  entering  into  the  composition  of  any 
tissue,  consequently  they  cannot  nourish,  or  build  up 
the  body.  But  they  are  all  capable  of  being  "  burned  " 
in  the  body,  and  thus  they  furnish  the  needful  animal 
heat,  without  which  no  organic  function  could  be  per- 
formed. When  these  substances  are  said  to  be  ''burned,'* 
we  are  to  understand  that  burning  here  means  simply 
oxidation — or  the  union  of  the  oxygen  derived  from 
the  atmosphere  during  Respiration,  with  one  of  these 
non-nitrogenous  substances  in  the  blood.  The  oxida- 
tion (rusting)  of  iron,  and  the  burning  of  a  candle, 
are  one  and  the  same  process,  differing  only  in  degree 
The  union  of  oxygen  with  fat,  is,  in  like  manner,  said 
to  burn  it.  And  because  this  oxygen  is  furnished  in 
Respiration,  all  the  articles  of  food  which  are  burned 
by  it  are  called  Respiratory,  i,e.,  supporters  of  the  res- 
piratory process ;  and  because  in  their  burning  they 
evolve  heat,  they  are  called  heat-making. 

Besides  these  two  main  classes  of  nitrogenous,  or  nu- 
tritive, and  non-nitrogenous,  or  heat-making,  there  is 
also  a  class  of  inorganic  substances,  such  as  Water, 
Salts,  Iron,  &c.,  which  we  shall  hereafter  see  to  be 
truly  entitled  to  rank  as  Food. 

The  classification  just  expounded  is  certainly  a  bril- 
liant effort  of  genius,  and  has  given  an  immense  im- 
pulsion to  science.  Indeed  that  may  be  said  of  all 
•Liebig's  views :  right  or  wrong,  they  have  agitated 
Europe,  and  inspired  laborious  research  It  is  not 
wonderful  that  he  should  have  missed  the  truth  on 
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this  subject,  for  the  subject  is  far  too  complex  to  be 
embiaced  by  any  chemical  hypothesis  ;  but  the  grati- 
tude of  Europe  is  due. to  him  (and  is  freely  giren)  for 
having  rendered  the  solution  of  the  problem  possible. 
There  where  he  fomid  a  wilderness,  he  has  left  a  path- 
way. On  this  pathway  thousands  of  explorers  are 
noi  h„^g ;  .le  h»  Ld,  i.  »^  forZm  »  tod 
new  ways. 

Neque  ego  illi  detrahere  auam, 
HsBrentem  oapiti  cum  multa  laude  coronam.* 

In  rendering  this  tribute  to  Liebig's  services,  I  must 
also  explicitly  declare  that  the  classification  he  has 
proposed  seems  to  me  founded  on  a  misconception. 
It  has  been  much  critici8ed,-|-  sometimes  with  more 
asperity  than  befits  the  calm  heights  of  sdenca  It 
has  made  the  tour  of  Europe,  and  become  stereotyped 
in  lectures  and  text-books.  It  has  caused  a  vast 
amount  of  experimental  research,  which  would  have 
been  more  valuable  had  it  been  better  directed  And 
it  is  now,  more  or  less  explicitly,  relinquished  by  all 
advanced  physiologists. 

''  It  is  indeed  upon  the  assumption  of  this  broad  and 
fundamental  classification  of  the  constituents  of  food," 
write  Messrs  Lawes  and  Gilbert,  "  according  to  their 
varied  ofSces  in  the  animal  economy,  that  a  vast  series 
of  analyses  of  foods  have  of  late  years  been  made  and 
published ;  whilst,  founded  upon  the  results  of  these 
analyses,  numerous  tables  have  been  constructed,  pro- 

*  Hdbacb. 

t  See  MxTLDER :  Phynologtscke  Chemie,  Moleschott  :  Kreulavfdu 
Lebms;  and  ROBor  et  Vebdul,  Traiti  de  Chimie  Anatomique, 
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fessing  to  arrange  the  current  articles  of  diet  both  of 
man  and  other  animals,  according  to  tiieir  oomparatiye 
values  as  such/** 

The  question  is  one  of  very  great  importance,  and 
the  reader's  patience  is  requested  for  an  examination  of 
it.  So  long  as  we  place  onrselves  at  the  chemical 
point  of  view,  Idebig  carries  us  along  with  him  ;  bnt 
no  sooner  do  we  perceive  that  we  are  dealing  with  a 
vital  problem,  not  a  chemical  problem,  than  the  neces- 
sity of  abandoning  the  chemical  and  taking  up  the 
physiological  point  of  view  is  at  once  evident,  and  we 
then  quit  our  ingenious  guide. 

Let  us  state  the  question.  Man  requires  food  which 
is  both  tissue-making  and  heat-making,  to  repair  the 
fabric,  and  sustain  the  temperature  of  his  body.  This 
much  is  true.  But  it  is  demonstrable  that  nitrogenous 
substances  are  not  the  only  plastic  materials,  not  even 
the  chief  materials,  whereas  they  are  also  heat-produc- 
ing. Conversely,  it  is  demonstrable  that  non-nitrogen- 
ous substances  are  tissue-making  as  well  as  heat-pro- 
ducing ;  so  that  any  distinction  between  them,  founded 
on  their  supposed  offices  nutritive  and  respiratory, 
falls  to  the  ground ;  not  to  mention  that  it  rests  on 
the  assumption  of  Respiration  being  the  source  of 
Animal  Heat — an  hypothesis  we  shall  hereafter  have 
to  consider.*!* 

The  division  of  Food  into  Nitrogenous  and  Non- 

•  Report  on  Foodt  in  Relation  to  Retpiratum  and  Feeding^  in  R^* 
port§  of  Brit  Aaoe,  1862. 
t  See  the  Chapter  Wht'  vnt  abb  warm,  avd  How  wx  kief  eo. 
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NitarogenonB  is  a  cheooical  division  to  whidi  no  objeo- 
tion  need  be  made,  for  it  expresses  a  chemical  fact. 
Bnt  when  the  &ct  that  albmninous  substances  form  a 
necessary  proportion  of  organised  tissues,  is  made  the 
gionnd  for  specially  distinguishing  them  as  plastic  ;  and 
when  the  presence  of  nitrogen  in  these  substances  is 
made  the  ground  for  specially  distinguishing  nitrogen 
as  the  plastic  element,  the  per*centage  of  which  is  to 
afford  the  standard  of  nutritive  value,  we  see  a  striking 
example  of  chemical  reasonings  applied  to  Physiology, 
which  a  confirantation  with  nature  suffices  to  upset. 
For  observe :  while  it  is  true  that  "  albumen  is  the 
foundation,  the  starting-point  of  the  whole  series  of 
peculiar  tissmes  which  are  the  seat  of  vital  actions'' 
(Lisbig) — ^while  it  is  true  that  thepecaiiar  characteris- 
tic of  organised  tissues  is  that  they  contain  albuminous 
substances  as  necessary  ingredients ;  not  less  is  it  true 
that  the  other  substances^  thus  arbitrarily  excluded 
from  the  rank  of  tissue-makers — ^namely,  the  fats,  oils, 
and  salts,  all  destitute  of  nitrogen — are  as  essential  as 
albumen  itseK    Not  a  cdi,  not  a  fibre  can  heformedy 
nor  can  Sfiibsie^^  withotU  a  certain  a/motmt  of  fat  a/nd 
earn.    Not  a  tissue  can  come  into  being,  nor  continue 
its  functions,  without  a  large  proportion  of  non-nitro- 
genous materials — a  proportion  greatly  exceeding  that 
of  the  nitrogenous. 

This  is  an  anatomical  Dek^  which  must  surely  dis- 
credit the  idea  of  sdecting  one  demerit  out  of  several, 
all  indispensable,  and  assigning  to  it  alone  the  charac- 
to  of  nutritive..  K  tisanes  were  composed  of  albi^nen^ 
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or  any  other  nitrogenous  substance,  wiihout  the  ad- 
mixture  of  fits,  water,  and  salts  ;  and  if  albumen  did 
not  likewise  disengage  heat  in  its  transformationa, 
Liebig's  classification  would  be  strictly  accurate ;  but 
in  the  face  of  anatomical  evidence  which  shows  that 
no  such  tissue  exists,  and  in  face  of  the  physiolo- 
gical evidence  that  even  albumen  undergoes  chemical 
changes  accompanied  by  the  disengagement  of  heat, 
the  classification  must  be  rejected.  Indeed  the  ana- 
tomist must  ask  with  surprise,  whether  what  he  calls 
the  adipose  tissue  is,  or  is  not,  chiefly  composed  of  fat  ? 
Is  the  fat  which  exists  in  the  muscles,  cartilages,  and 
bones  an  accident — ^a  thing  not  worthy  of  being  taken 
into  account?  The  answer  cannot  be  dubious.  In 
100  parts  of  tauscle  there  are  only  25.55  parts  solid 
matter,  and  of  these  no  less  than  4.25  are  fat  In  100 
parts  of  the  white  substance  of  the  brain,  fat  bears  the 
large  proportion  of  13.9,  whereas  albumen  is  only  9.9 ; 
in  the  grey  substance  of  the  brain,  the  proportion  of 
fat  is  4.7  to  albumen  7.5.     If  after  this  it  be  said  that 

« 

fat  does  not  help  to  form  tissue,  is  not  an  essential  inte- 
gral element  of  tissue,  and  consequently  plastic,  in  the 
most  rigorous  sense  of  the  word,  the  anatomist  must 
confess  that  he  fails  to  understand  the  language 
employed. 

The  reader  need  not  be  informed  that  Idebig  is  folly 
aware  of  the  fEicts  which  can  be  brought  against  him, 
and  that  if  he  errs  it  is  from  theoretic  bias.  He 
is  a  chemist,  and  views  these  questions  in  their  chemi- 
cal light    To  the  chemist  musde  is  not  a  compound 
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sabstance ;  for  all  those  sobstonces  over  and  above 
aUmmen  whicb  he  finds  in  it,  he  regards  as  mere 
(iccessories ;  the  essential  and  characteristic  element 
for  him  is  the  albmninous  substance.    But  to  the 
anatomist  aU  the  substances  are  essential,  because  it 
18  by  their  united  properties  that  the  muscle  performs 
its  peculiar  offices.    A  muscle  deprived  of  its  water 
will  no  longer  act  a«  a  muscle :  the  anatomist  there- 
fore r^ards  water  as  essential  to  the  muscle ;  the 
chemist  regards  it  as  an  accessoiy.    In  the  laboratory 
the  water  may  be  disregarded :  it  will  not  interfere 
with  chemical  reactions.    In  the  organism,  the  water 
is  just  as  essential  to  the  functional  activity  of  the 
muscle  as  the  albumen  itself    Liebig,  however,  regards 
water  and  fat  as  having  only  a  physical  influence : — 

"Many  of  the  physical  properties  of  organs,  or 
tissues,  depend  on  the  presence  of  their  non-nitro- 
genous constituents — namely,  of  water  and  fat    These 
bodies  assist  in  the  changes  and  processes  by  which 
the  organised  structures  are  formed    Fat  has  a  share 
in  the  formation  of  cells  ;  and  on  water  depends  the 
fluidity  of  the  blood,  and  of  all  other  juices.     So  also 
the  milk-white  colour  of  cartilage,  the  transparency  of 
the  cornea  (of  the  eye),  the  softness,  plasticity,  flexi- 
bility, and  elasticity  of  muscular  fibre  and  of  mem- 
branes, all  depend  on  a  fixed  proportion  of  water  in 
CAch  case.    Fat  is  a  never-failing  constituent  of  the 
substance  of  the  brain  and  nerves  ;  hair,  horn,  daws, 
^h,  and  bones,  always  contain  a  certain  amoimt  of 
^ater  and  fat    But  in  these  parts  water  and  fat  are 
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only  mechanically  absorbed,  as  in  a  sponge,  or  endosed 
in  drops,  as  fat  is  in  ceUs,  and  they  may  be  remoyed 
by  mechanical  pressure,  or  by  solvents,  without  in  the 
least  affecting  the  structure  of  the  parts.  They 
never  have  an  organised  form  peculiar  to  themselves^ 
but  always  take  that  of  the  parts,  the  pores  of 
which  they  filL  They  do  not  therefore  belong  to  the 
plastic  constituents  of  the  body  or  of  the  food."* 
A  little  further  on  he  repeats  the  statement  that 
"  they  take  no  direct  share  by  their  elements  in  the 
formation  of  organs,"  and  that  they  have  "no  vital 
properties/' 

By  these  expi'essions  it  is  clear  that,  in  his  view, 
organs  are  not  formed  out  of  fat  and  water,  as  weU  as 
out  of  albumen ;  but  that  these  substances  are  merely 
accessory,  and  afford  the  requisite  physical  conditions  ; 
just  as,  when  we  use  chloride  of  potassium,  the  water 
in  which  the  salt  is  dissolved  counts  for  nothing  in  the 
chemical  agency  of  the  salt  And  from  several  con- 
versations I  had  with  this  distinguished  philosopher,  in 
which  he  stated  his  point  of  view,  I  am  persuaded  that 
this  is  the  explanation  of  all  the  differences  which  exist 
between  him  and  those  physiologists  who  oppose  his 
hypothesis.  My  answer  then  was,  what  it  is  now — 
namely,  that  to  the  anatomist,  nerve-tissue  without  fat 

*  LiEBio :  Chemical  Letters,  1851,  p.  846 ;  ed.  1859,  p.  379.  As 
these  flheeto  are  paving  through  the  press,  a  fourth  edition  of  the 
Chemical  LeUert  has  appeared,  but  without  any  modifioation  of  its 
views  on  the  subject  having  been  produced  by  the  criticisms  to  whioh 
they  have  been  subjected.  For  convenience  of  readers  I  shall  give 
double  references. 
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is  no  longer  vital  nerve;  and  blood  without  water  is 
no  longer  vital  blood.  To  suppose  that  water  simply 
gives  fluidity  to  blood,  when  iu  trotii  it  is  as  much 
an  integral  constituent  of  blood  as  albumen  itself,  is 
equivalent  to  saying  that  heat  only  gives  expansion 
to  steam — steam  itself  being,  as  all  know,  the  product 
of  the  operation  of  heat  on  water.  K  £Eit  has  no  vital 
properties  in  itself,  neither  has  albumen  in  itself  To 
say  that  £at  and  water  are  ''mechanically  absorbed^" 
is  to  contradict  anatomical  evidence,  which  shows  them 
to  be  structu/raUy  aymbined,  and  always  in  constant 
quantities,  varyiog  within  very  small  limits. 

A  classification  of  Food,  more  or  less  imperfect, 
would  not  trouble  us  did  it  not  lead  to  important 
errors,  as  in  the  present  case.    No  sooner  do  we  accept 
the  idea  of  nitrogenous  food  being  the  plastic  mate- 
rial, than  we  are  landed  on  the  proposition  that  ''  only 
those  substances  are  in  a  strict  sense  nutritious  articles 
of  food,  which  either  contain  albumen,  or  a  substance 
capable  of  being  converted  into  albumen"  * — ^a  propo- 
rtion elsewhere  expressed  in  even  a  cruder  form : 
^  Only  nitrogenous  substances  are  capable  of  conver- 
sion into  blood." -f    Such  passages  as  these  are  only 
intelligible,  coming  from  so  eminent  a  writer,  when 
we  remember  that  the  chemical  point  of  view  dictates 
them.    To  the  chemist,  indeed,  only  nitrogenous  sub- 
stances are  capable  of  conversion  into  Blood  ;  but  to 
the  anatomist  every  substance  which  enters  into  the 

*  LiZBlQ :  Chemical  LeUen,  1851,  p.  846  ;  ed.  1859,  p.  871. 
t  Ibid.,  p.  497 ;  ed.  1859,  p.  506. 
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normal  structure  of  Blood  must  be  reckoned  among 
those  capable  of  conversion  into  it.  He  cannot  sepa- 
rate one  part  of  the  Blood  from  another,  as  the  chemist 
does — ^he  must  take  the  whol&  structure  as  he  finds  it, 
for  it  is  with  the  whole  structure  that  the  functions 
are  performed.  Now  what  does  he  find  ?  Examina- 
tion of  the  structure  of  the  Blood  shows  that,  so  &r 
from  being  composed  exclusively  of  nitrogenous  sub- 
stances, it  is  composed  of  a  variety  of  substances, 
among  which  the  nitrogenous  albumen  and  fibrine 
amount  to  less  than  80  in  1000  parts,  including  what 
must  be  added  for  the  globulin  and  hsematin  of  the 
blood-discs :  that  is  aU  the  nitrogen  in  the  blood  said 
to  be  composed  solely  of  nitrogenous  substances.  No 
one  knows  this  better  than  Idebig  himself;  yet  his 
argument  entirely  overlooks  it 

Let  it  not  be  supposed  that  this  discussion  is  with- 
out a  practical  bearing :  the  whole  question  of  Food 
depends  on  its  decision.  The  chendcal  point  of  view 
is  incapable  of  directing  us  to  a  single  rule  in  practice : 
and  to  show  how  entirely  it  fails  we  may  be  content 
with  one  fact :  The  very  substances  said  to  be  alone 
capable  of  conversion  into  blood — the  only  "strictly 
nutritious  substances,''  are,  when  taken  alone,  utterly 
imable  to  nourish. 

'*  Muscular  flesh,''  says  Majendie,  in  the  celebrated 
Eeport  of  the  Gelatine  Commission,  "  in  which  gela- 
tine, albumen,  and  fibrine  are  combined,  according  to 
the  laws  of  organic  nature,  and  where  they  are  asso- 
ciated with  other  'matters,  such  as  fats^  salts,  (tc. 
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suffices,  even  in  veiy  small  quantity,  for  complete  and 
prolonged   nutrition.    Thus  dogs  fed  for  120  days 
solely  on   raw  meat^  from  sheep's  heads,  preserved 
their  health  and  weight  during  this  period,  the  daily 
consumption  never  exceeding  300  grammes,  and  often 
lesa    But  1000  granmies  of  isolated  fibrine,  with  the 
addition  of  some  hundred  grammes  of  gelatine  and 
albumen,  were  insufficient  to  support  lifa    What,  then, 
is  this  peculiar  principle  which  renders  meat  so  per- 
fect an  aliment  ?    Is  it  the  odorous  and  sapid  matter 
which  has  this  function,  as  seems  probable  ?    Do  the 
salts,  the  trace  of  iron,  the  fatty  matters  and  the  lactic 
add,  contribute  to  the  nutritive  effect,  notwithstanding 
that  they  constitute  so  minute  a  portion  of  meat  V* 

The  minuteness  in  quantity  would  be  no  argument 
against  their  potency  of  influence ;  but  far  more  im- 
portant will  be  the  state  of  combination  of  the  various 
elements.     "  The  albumen  of  egg,  and  the  fibrine  sepa- 
rated from  the  blood,  may  to  the  chemist  be  identical 
with  the  fibrine  and  albumen  which  concur  in  the  for- 
mation of  muscle,  incorporated  there  by  a  process  of 
nutrition  ;  but  they  are  not  the  same  for  the  organism 
^hich  has  to  assimilate  them,  and  which  requires  that 
they  should  be  in  a  special  state  of  elaboration,  which 
they  have  undergone  in  another  organism ;  it  is  mus- 
cular flesh  which  the  organism  demands,  and  not  the 
dements  of  which  flesh  is  composed :  it  needs  aliments 
not  chemical  products."^ -f- 

*QQ0tfldb7  PXBXnu :  TreaHte on  Food  and  DUt^  p.  241. 

i  Utt:  Tradti  d^Hygiine,  tL  85,  quoted  by  LOVOBT,  Pkytiologie. 
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It  has  been  found  that  dogs  perish  of  staryation 
when  liberally  supplied  with  albumen,  or  with  white  of 
egg,  or  with  fibrine,  or  with  mixtures  of  albumen  and 
fibrine — ^if  these  substitutes  constitute  their  sole  diet 
— whereas  they  flourish  when  fed  on  gluten  alone, 
although,  according  to  the  chemists,  ^uten  is  identical 
with  albumen  and  fibrine :  a  sufficient  proof  that  the 
nutritive  value  of  a  substance  cannot  be  detennined 
by  its  chemical  composition. 

But«4ihis  kind  of  proof  awaits  us  on  all  sides.  While 
Chemistry  determines  the  nutritive  value  of  foods 
according  to  their  per-centage  of  nitrogen,  experience 
flatly  contradicts  the  application  of  such  a  standard, 
for  it  shows  us  that  wheat  contains  only  2.3  per  cent 
of  nitrogen,  whereas  beans  contain  as  much  as  5.5  per 
cent,  lentils  4.4,  and  peas  43 ;  and  yet,  with  this 
remarkable  inferiority  in  its  per-centage  of  nitrogen, 
wheat  is  remarkably  superior  in  nutritive  value  to 
beans,  lentils,  or  peas.  The  discrepancy  here  is  so 
glaring  that  liebig  has  attempted  to  explain  it  ''The 
small  quantity  of  phosphates  which  the  seeds  of  the 
lentils,  beans,  and  peas  contain  mtist  be  the  cause  of 
their  small  value  as  articles  of  nourishment,  since  they 
surpass  all  other  vegetable  food  in  the  quantity  of 
nitrogen  which  enters  into  their  composition.  But  as 
the  component  parts  of  the  bones  (phosphate  of  lime 
and  magnesia)  are  absent,  they  satisfy  the  appetite 
without  increasing  the  strength.*'*      The  argument 

« 

*  LiBBiQ :  Chmwtry  in  Ut  ApjfUcaHUm  to  AgrieuUwre  and  Phfti^ 
logy,  p.  147. 
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might  be  reversed,  and  the  whole  nutritiye  yalne  as- 
signed to  the  phosphates  with  equal  justice.  If  nitro- 
gen is  Ae  plastic  element,  and  its  per-centage  afford 
the  trae  nutritive  standard,  the  presence  or  absence  of 
the  phosphates  can  have  nothing  to  do  with  it ;  and 
if  their  presence  or  absence  is  all-important,  then  we 
are  certain  that  nutritive  value  does  not  admit  of  being 
estimated  by  the  per-centage  of  nitrogen,  but  by  the 
oonjnnction  of  nitrogen  with  other  substances. 

It  is  noticeable  that  when  liebig  has  to  explain  the 
nutritiye  inferioiiiy  of  beans  and  peas,  he  finds  the 
caose  to  lie  in  the  absence  of  phosphates,  which,  as  he 
truly  says,  are  component  parts  of  the  bones ;  whereas, 
when  denying  any  nutritive  quality  to  fat,  he  refused 
to  admit  that  it  was  a  component  part  of  tissues.  Into 
such  contradictions  he  is  forced  by  his  theory  of  nitro- 
genous substances  being  the  only  pkstic  materials— a 
theory  incessantly  at  variance  with  fact 

Messrs  Lawes  and  Gilbert  call  especial  attention  to 
one  series  of  their  experiments,  in  which  sheep  fed  on 
succulent  unripe  turnips  *'  lost  weight  notwithstanding 
the  very  high  per-centage  of  nitrogen  ;"*  and,  without 
laying  any  stress  on  the  fact  that  vegetable  poisons  are 
highly  nitrogenous,  let  us  ask  the  dispassionate  reader 
to  reflect  on  the  chaotic  condition  of  a  doctrine  which, 
while  proclaiming  nitrogen  to  be  the  true  standard  of 
nutritive  yalue,  declares  that  gelatine,  a  substance 
richer  in  nitrogen  than  even  flesh  or  blood,  has  no 
nutritive  value  at  aU.    We  do  not,  indeed,  attach  much 

•  JRepoH,  p.  336. 
Q 
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credit  to  this  opinion,  which  we  shall  examine  by-nand- 
by,  but  it  ia  certainly  in  flagrant  contradiction  vdth  the 
chemical  hypothesis  of  nutritive  values. 

In  spite,  therefore,  of  what  is  so  confidently  asserted, 
we  have  the  admission  of  chemists  themselves  that 
nitrogen  is  only  nutritive  in  peculiar  combinatiaiis. 
The  consequence  is  inevitabla  We  must  direct  our 
attention  towards  substances  which  do  nourish,  and 
disregaxd  the  chemical  formuLe  which  prockim  what 
substances  ought  to  nourish.  Inquiries  so  directed  yield 
little  that  is  satisfactory  to  the  chemical  hjrpothesis. 

We  find,  for  example,  thousands  of  Irish,  subsisting 
chiefly  on  potatoes  and  skimmed  milk ;  and  millions  of 
Hindoos  subsisting  chiefly  on  rice  and  rancid  butter — 
substances  which,  in  a  chemical  analysis,  exhibit  veiy 
little  of  the  so-called  plastic  material  Payen  gives  the 
following  proportions  in  100  parts  of  rice : — Starch, 
89.15;  Nitrogenous  matters,  7.05;  Dextrine,  &a  1. ; 
Fats,  0.80;  Cellulose,  1.10;  Mineral  matters,  0.90. 
And  liebig  himself  calculates  the  proportion  of  plastic 
to  non-plastic  material  in  rice,  as  only  10  to  123 ; 
whereas  in  beef  it  is  10  to  17,  and  in  veal  10  to  1. 

Bespecting  the  rice-eating  Hindoos,  it  may  be  ob- 
served that  although  Dr  Forbes  Watson's  elaborate  in- 
vestigations have  dispelled  the  very  general  notion  of 
rice  forming  the  ervtire  bulk  of  the  diet  of  the  inhab- 
itants of  the  East,  they  also  give  an  unequivocal  refuta- 
tion of  the  chemical  theory  of  Food. 

In  the  work  on  the  "  Food  Grains  of  India,'^  which  is 
at  t|his  moment  passing  through  the  press,  Dr  Watson 
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remarks  that  ^'the  stomach  of  the  poor  Ryot,  large  as  it 
is,  oonld  not  with  impunity  take  in  and  digest  the  quan- 
tity of  rice  which  wonld  be  sufficient  day  by  day  to  sup- 
ply the  wants  of  his  system."*  In  a  private  commimi* 
cation  he  informs  me  that  where  rice  is  cheap,  as  at  the 
deltas  of  rivers  and  in  other  water-aboxmding  situations, 
ft  forms  the  diief  food  of  the  inhabitants;  although 
disease  ensues  unless  a  certain  proportion — say  ^  to  ^ 
of  jpuZse,  or  dried  fish,  be  added  to  supply  the  required 
nitrogenous  elements.     In  some  parts  where  rice  forms 
almost  the  entire  food  of  the  population,  "pot  bellies'' 
aad  the  results  of  starvation  are  visible  in  eveiy  direc- 
tion.   In  all  cases  rice,  when  procurable,  forms  two- 
fhirda  of  the  food,  and  may  therefore  be  considered  the 
staple  food  of  a  considerable  population.     "Nature, 
however,  has  taught  the  native  to  add  pulses,  or  flesh, 
to  his  rice — just  as  she  has  suggested  to  the  Irishman 
the  free  use  of  buttermilk  to  his  potatoes.'' 

The  facts  are  important  While  admitting  the 
proved  nutritive  quality  of  nitrogenous  food,  such  as  the 
ptdses,  I  am  far  from  clear  that  the  Hindoo  is  forced 
to  mix  them  with  his  rice  merely  on  account  of  the 
nitrogen  they  contain.  The  fact  that  rice  alone  is  in- 
snffident  to  the  effective  sustainment  of  the  organism, 
and  that "  pot  bellies,"  diseases,  and  even  signs  of  starv- 
ation are  the  consequences  of  its  exclusive  employ- 
ment, is  only  one  among  a  series  of  facts  which  prove 
^  man  cannot  flourish  on  one  kind  of  food.  Pulses 
tt«  even  worse  than  rice  when  eaten  alone.     Albumen 

*  Watbon  :  TU  Food-Qraina  qflndML,  1859,  p.  25. 
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itself,  nay,  milk  itself,  would  not  suffice  alone.  We  are 
justified,  therefore,  in  assigning  this  effect  to  sonie 
other  cause  than  the  mere  deficiency  in  nitrogen  ;  and 
we  are  at  all  events  certain  that  rice  suffices  to  sustain 
the  waste  and  repair  of  the  organism,  if  not  in  a  very 
admirable  manner.  And  Dr  Watson  farther  informs 
me  that  the  other  grains  of  the  Hindoos  are  all  highly 
carbonaceous ;  although  the  native,  as  a  rule,  combines 
these,  when  he  can,  so  as  to  make  a  food  which  con- 
tains about  eight  or  nine  parts  of  carbon  to  one  of 
nitrogen — which  Dr  Watson  regards  as  the  proper 
standard  for  tropical  as  weU  as  temperate  climates.* 

Now  let  us  observe  the  bearing  of  these  facts  on  the 
chemical  theory  of  Food.  Eice  is  confessedly  extremely 
deficient  in  plastic,  nitrogenous,  elements ;  abundant  in 
heat-making,  carbonaceous,  elements.  Bice  is  therefore 
among  the  very  substances  which,  on  the  chemical  hypo- 
thesis, the  Hindoos  would  seem  least  to  require. 

We  are  told  that  non-nitrogenous  matters  are  in- 
capable of  entering  into  the  composition  of  tissues,  or 
of  furnishing  plastic  material :  '*  they  only  serve  to  keep 
up  the  temperature  of  the  body,  being  rapidly  burnt  in 
the  body."  We  are  further  told  that  the  demand  for 
such  substances  is  necessarily  much  greater  in  cold 
than  in  hot  countries,  because  of  the  greater  amount  of 
heat  required  to  keep  the  body  at  its  proper  point 

*  LiBBio*B  calculation  of  a  standard  food  is  four  parts  of  non-nitro- 
genous to  one  part  of  nitrogenous  matter. — Chemical  Letters,  1859, 
p.  891.  Dr  Watson  finds  tbe  heat-making  elements  double  this  quan- 
tity—and in  a  hot  climate  too. 
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"  In  winter,  when  we  take  exercise  in  a  cold  atmos- 
phere, and  when,  consequently,  the  amonnt  of  inspired 
oxygen  increases,  the  necessity  for  food  containing  car- 
bon and  hydrogen  increases  in  the  same  ratio  ;  and  by 
gratifying  the  appetite  thus  excited,  we  obtain  the  most 
efficient  protection  against  the  most  piercing  cold    The 
oxygen  taken  into  the  system  is  given  out  again  in  the 
same  form,  both  in  summer  and  winter:  we  expire 
more  carbon  at  a  low  than  at  a  high  temperature,  and 
require  more  or  less  carbon  in  our  food  in  the  same 
proportion ;    and  consequently  more  is  respired   in 
Sweden  than  in  Sicily;  and  in  our  own  country,  an 
eighth  more  in  winter  than  in  summer.    If  an  equal 
wdght  of  food  is  consumed  in  hot  and  cold  climates, 
Infinite  Wisdom  has  ordained  that  very  unequal  pro- 
portions of  carbon  shall  be  taken  in  it.    The  fruits 
naed  by  the  inhabitants  of  southern  climes,  do  not  con- 
tain, in  a  fresh  state,  more  than  1 2  per  cent  of  carbon, 
while  the  blubber  and  train-oil  which  feed  the  inhabit- 
smts  of  the  polar  regions,  contain  66  to  80  per  cent  of 
that  dement"* 

Consideriug  the  importance  of  the  idea,  one  cannot 
bat  be  struck  with  the  singular  meagreness  of  these 
iUostrations.  That  fruits  are  eaten  in  southern  cli- 
nutes  which  are  less  heat-producing,  because  they  con- 
tain much  less  carbon,  than  the  train-oil  eaten  in  polar 
iBgions,  would  be  a  tolerable  argument,  if  07dy  fruits 
were  eaten  in  the  South ;  but  the  Sicilian  and  Neapo- 
Ktan  eat  more  oil  than  the  Swede,  and  their  macaroni  is 

*Ussaai  CiWrniciU Zcftcn,  1851,  p.  820 ;  ed.  1859,  p.  847. 
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a  highly  carbonised  snbstance ;  and  the  Hindoo  oft^i  1 
subsists  on  rice  and  butter— substances  highly  carbon-  | 
ised,  and  classed  as  chiefly  Bespiratory,  fumishini;^  in  ! 
superabundance  that  yeiy  heat  which  his  climate  renr 
ders  so  undesirabla 

According  to  theory,  the  Hindoo  should  eat  very  little 
uon-nitrogenoufl  food,  and  be  content  with  plastic  siil>- 
stances,  since  he  wastes  his  tissues  in  daily  labour,  but 
does  not  stand  in  need  of  any  surplus  heat ;  whereas^ 
according  to  fact,  he  eats  very  little  nitrogenous  food, 
and  a  great  deal  of  ''heat-makdng''  food. 

It  is  remarkable  that  such  a  contradiction  to  the 
chemical  theory  should  have  been  overlooked,  espe- 
cially by  those  who  laid  so  much  stress  on  the  large  con- 
sumption of  nitrogenous  food  by  the  inhabitants  of 
cold  countries — a  consumption  said  to  be  caused  by  the 
need  of  rapid  combustion  to  sustain  the  animal  heat. 
For  my  own  part  I  see  no  reason  whatever  to  believe 
in  the  current  hypothesis  that  food  is  "  burned"  in  the 
organism;  and  elsewhere  (see  chapter  on  "Why  we  are 
Warm" ),  will  give  reasons  &r  that  dissent,  and  for  be- 
lieving that  it  is  the  tissues  which  are  burned  (if  burn- 
ing there  be)  and  not  the  food  itself.  Waiving  this 
objection,  however,  for  the  present,  let  us  consider 
merely  the  important  conclusion  to  which  Dr  Watson's 
researches  have  led  him,  namely,  that  the  proper  stand- 
ard, chemically  speaking,  is  the  same  for  tropical  and 
for  temperate  climates. 

And  this  damaging  fact  is  brought  into  even  greater 
relief  by  the  experiments  of  Messrs  Lawes  and  Gilbert^ 
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as  thns  recorded  by  them :  **  The  weather,  during  part 
of  die  period  of  this  seoond  series  of  experiments,  was 
exoeedingly  hot ;  from  this  several  of  the  animals  suf- 
fered considerably ;  and  some,  either  from  this  or  other 
causes,  became  quite  ill,  and  died,  or  were  '  killed  to 
saye  their  Kvea.'    Nevertheless  it  is  seen  that  there  was 
upon  the  whole  a  larger  amount  of  respiratory  food 
conswned  in  relation  to  weight  iu  this  series  than  in 
the  previous  one,  during  the  cooler  season."  *    Against 
iuich  evidence  as  this,  the  respiratory  nature  of  non- 
uitrogenons  food  is  more  than  equivocal. 

It  is  a  fact  that,  in  cold  countries,  fat  and  oil  are 
greedily  devoured ;  and  it  is  the  most  striking  fact 
that  can  be  adduced  in  favour  of  the  hypoUiesis  now 
onder  discussion.    But  we  have  yet  to  learn  that  fat 
is  gimply  so  much  "  combustible  "  material    The  de- 
mand for  fat  in  cold  countries  may  arise  out  of  various 
conditions.     Increase  of  cold  causes  increased  activity 
of  respiration,  and  increased  activity  of  muscular  ex- 
ertion.   These  cause  a  greater  waste  of  tissue ;  conse- 
quently increased  repair  is  needed  ;  and  as  fat  is  indis- 
pensable to  such  repair,  we  can  therein  see  one  sourciB 
of  the  demand  for  fat 

The  reader  will  bear  in  mind,  that  we  are  not  in  ihia 
place  disputing  the  position  that  fat  is  burned  in  the 
body,  or  that  it  is  not  one  important  source  of  animal 
kcat ;  tiie  point  disputed  is,  whether  fat  is  only  a  heat* 
pcodncer,  and  the  demand  for  it  in  cold  countries  only 
a  demand  for  combustible  material     On  this  point  it 

*  JUpori,  p.  840. 
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is  well  worthy  of  remark,  that  Schmidt's  reseaichea 
prove /o^  to  be  less  easily  combustible  in  the  organistn 
than  the  carbo-hydrates,  and  even  than  albuminaiem/  * 
so  that  the  Hindoo,  in  his  rice^  eats  a  substance  more 
e&sily  oxidisable  in  the  organism  than  the  tallow  eaten 
by  the  Esquimaux. 

What  has  been  already  said  will  perhaps  suffice  to 
show  how  untenable  a  position  is  that  which  denies 
nutritive  value  to  fats,  sugars,  starch,  water,  &c,  throw- 
ing the  whole  burden  of  nutrition  on  the  albumin- 
ous substances ;  it  may  complete  the  overthrow  of 
that  position  if  I  now  show  that,  while  the  fats  are 
tissue-makers  and  heat-producers,  the  albuminates  are 
heat-producers  and  tissue-makers. 

No  one  doubts  that  heat  is  evolved  in  the  chemical 
changes  which  albuminates  undergo  ;  the  doubt  raised 
can  only  be  as  to  the  amount  liebig  says :  ''  If  the 
combustible  elements  of  the  plastic  constituents  of 
food  served  for  the  production  of  heat,  the  whole 
amount  of  the  substances  consumed  by  the  horse  in 
his  hay  and  oats,  by  the  pig  in  its  potatoes,  could  only 
suffice  to  support  their  respiratory  process,  and  con- 
sequentiy  their  animal  heat,  in  the  horse  for  4|  hours 
daily,  in  the  pig  for  4  hours  daily  ;  or  if  confined  to 
plastic  food,  they  would  require  to  consume  five  or  six 
times  as  much  of  it    But  even  in  this  last  case  it  is  ex- 

*  See  on  this  point  BmDBB  and  Schmidt,  Die  Verdauunffst^fie, 
p.  860-68,  and  LBmtASV,  Lekrbuck  derPkytiol,  ChmU,  2d  edit.  yoI.  iii. 
pp.  208,  886L 
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ceedingly  doubtful  whether  these  substances,  consider- 
ing their  properties,  would  in  the  circumstances  under 
which  they  are  presented  to  oxygen  in  the  organism  pro- 
duce the  necessary  temperature  of  the  body  and  com- 
pensate for  the  loss  of  heat ;  for  of  all  organic  com- 
pounds, the  plastic  constituents  of  food  are  those  which 
possess  in  the  lowest  degree  the  properties  of  combusti- 
bility, and  of  developing  heat  by  their  oxidation/'  * 

Every  chemist  would  echo  this  statement,  because 
Chemistry  teaches  that  of  all  the  elements  of  the 
animal  body  nitrogen  has  perhaps  the  feeblest  attrac- 
tion for  oxygen;  not  only  so,  but  it  even  deprives 
other  substances,  with  which  it  combines,  of  their 
tendency  to  unite  with  oxygen.  Phosphorus,  for  ^- 
ample,  has  an  eager  affinity  for  oxygen,  as  we  know 
from  its  ready  combustibility  in  atmospheric  air  at 
ordinary  temperatures;  but  when  combined  with  nitro- 
g^  its  combustibility  is  so  difficult  that  it  can  only 
be  effected  at  red  heat  and  in  oxygen  gas.  Liebig 
hence  concludes,  and  from  the  chemical  point  of  view 
is  justified  in  concluding,  that  precisely  the  same 
relations  are  preserved  in  the  blood  The  albuminous 
(nitrogenous)  bodies  have,  he  says,  but  a  very  slight 
affinity  for  oxygen.  "  If  the  albumen  of  the  blood, 
which  is  derived  from  the  plastic  portion  of  the  food^ 
possessed  in  a  higher  degree  the  power  of  supporting 
respiration,  it  would  be  utterly  unfit  for  the  process  of 
nutrition.     Were  albumen  as  such  destructible,  or 

*  LUBio:  ChmicalL^in,  p.  872;  ed.  1859, p.  884. 
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liable  to  be  altered  in  the  circnlatioii,  by  the  inhaled 
o^yg^iiy  ^e  relatively  small  quantity  of  it,  daily  sup- 
plied to  the  blood  by  the  digestive  organs,  would 
quickly  disappear.  As  long  as  the  blood  contaius. 
besides  albumen,  other  substances  which  suipass  it  in 
attraction  for  oxygen,  so  long  will  the  oxygen  be  unable 
to  exert  a  destructiye  .action  on  this  the  chief  con- 
stituent of  the  blood  ;  and  the  significance  of  the  non* 
nitrogenous  food  is  thus  made  clear/' 

It  is  not  surprising  that  a  theory  so  logical  shonld 
have  gained  general  acceptance  ;  and  as  a  specimen  of 
chemical  reasoning  on  physiological  problems  it  is  very 
brilliant.  Nevertheless,  when  we  study  what  takes 
place  in  the  organism,  we  find  direct  and  nnequivocal 
contradiction  given  to  each  separate  clause  of  the 
theory.  We  find  races  of  men  liviog  always  on  vege- 
table food,  containing  little  nitrogen,  and  in  climates 
where  a  superabundance  of  animal  heat  is  not  needed ; 
so  that  to  them  non-nitrogenous  food  must  be  suffi- 
cient for  the  chief  supply  of  nutrition. 

And  not  only  do  numerous  facts  overpower  the 
chemical  hypothesis,  but  even  Ghemistiy  itself,  when 
interrogating  the  facts  of  organic  life,  discovers  that, 
however  weak  the  affinity  of  albuminates  for  oxygen, 
out  of  the  organism,  their  affinity,  in  the  organism, 
surpasses  that  of  fat  Schmidt,  to  whose  experiments 
science  is  so  deeply  indebted,  found  that  on  feeding 
cats  now  with  flesh  alone,  and  now  with  fat  alone, 
or  with  much  £&t  and. little  fleshy  the  aSmminates 
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were  always  more  rapidly  destroyed  them  the  fat, 
which  was  at  first  stored  up  in  the  body  to  be  after- 
wards gradually  oxidised  ;  *  and  these  eiqperiments 
are  confirmed  by  those  of  Persoz  in  fattening  geese 
with  maize  :  the  blood  of  the  fattened  geese  was  very 
rich  in  fat,  bnt  notably  impoverished  in  albiunen ;  the 
quantity  of  muscular  substance  was  much  diminished, 
and  when  the  &ttening  was  rapid  the  weight  of  the 
whole  body  was  absolutely  diminished.    It  is  therefore 
an  error  to  say  that  if  albumen  were  liable  to  oxidation, 
life  would  be  impossibla    Experiment  proves  it  to  be 
more  liable  than  fat 

To  the  chemist  these  results  will  be  paradoxical,  if  not 
uiGonoeivable,  and  he  will  doubtless  point  to  the  well- 
ascertained  fact  that  in  starvation  it  is  the  fat  which 
disappears  first,  the  muscles  only  yielding  up  their 
elements  to  destruction  when  most  of  the  fat  has  been 
oxidised.    This  point  has  already  been  dwelt  on  by  us 
when  treating  of  Hunger  and  Thirst.    All  that  can 
here  be  said  is,  that  it  needs  to  be  reconciled  with  the 
^wnungly  contradictoiy  facts.    How  slow  we  should  be 
in  drawing  conclusions  fix>m  what  takes  place  out  of  the 
organism,  as  to  what  takes  place  in  it,  is  taught  us  in 
a  hmidred  physiological  facts :  thus  the  fat  which  can 
^  decomposed  into  fatty  acid  and  glycerine  by  means 
only  of  the  most  energetic  acids  and  alkalis  in  the 
Uboratory,  is  changed  in  the  organism  by  the  pancre- 
^  Jiiice,  which  has  but  feeble  chemical  properties,  but 

*  BmDSB  and  Sohmzdt,  p.  863. 
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which  brings  about  the  result  by  means  of  an  organic 
substance  acting  as  a  ferment  * 

We  might  multiply  to  a  great  extent  the  objections 
which  present  themselves  to  the  chemical  classificatiaai 
of  Food ;  but  those  abeady  stated  are  sufficient  to  show 
that  it  is  erroneous  in  every  particular,  in  spite  of  its 
logical  dependence  and  plausibility. 

The  only  extensive  series  of  experiments  on  feedingp 
with  which  we  are  acquainted,  as  immediately  service- 
able/are  those  instituted  by  Messrs  Lawes  and  Gilbert^ 
and  to  them  the  reader  is  referred ;  because,  although  they 
are  by  no  means  such  as,  from  the  nature  of  the  expeti- 
ments,  can  give  Physiology  any  accurate  data^  they  are 
valuable  as  practical  results.  They  show  among  other 
things,  that  ''although  pigswere  satisfied  to  eat  a  smaller 
proportion  of  food  in  relation  to  their  weight,  in  those 
pens  where  the  proportion  of  nitrogen  was  compara- 
tively large,  yet  the  proportion  of  increase  to  the  food 
consumed  was  less  than  where  the  amount  of  non-nitro- 
genous food  consumed  was  greater."  And  further,  that 
''  whilst  the  non- nitrogenous  substance  consumed  to 
produce  100  lb.  increase  in  weight  is  very  nearly  equal 
in  the  two  series  ;  yet  that  of  the  nitrogenous  constitu- 
ents varies  in  the  proportion  of  from  three  to  two  1 " 
Again  :  "  In  the  fourth  pen,  where  there  was  by  far 
the  largest  amount  of  nitrogen  consumed,  the  animals 
lost  weight ;  and  in  the  other  three  pens,  the  produc- 
tiveness of  the  food  is  in  the  inverse  order  of  the 

*  Claude  Bebvabd  :  Le^ns  de  PhytiologU  ExphiauniaU,  Coun 
d€  1854-55,  p.  891. 
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amounts  of  nitrogen  taken  in  the  food  Indeed,  we  be- 
lieve that  an  nnnsnally  high  per-centage  of  nitrogen  in 
sncculent  produce  is  frequently  a  pretty  sure  indication 
of  immaturity  and  innutritions  qualities."  Summing 
up  the  results  of  their  whole  series  of  experiments,  the 
lai^est  yet  instituted,  they  declare  that  it  is  "  their  avail- 
able non-nitrogenous  constituents,  rather  than  their  rich- 
ness in  nitrogenous  ones,  that  measure  both  the  amount 
consumed  to  a  given  weight  of  animal,  in  a  given  time, 
and  the  increase  in  weight  obtained/'  *  And  they  refer 
to  the  instinctive  preference  given  by  the  under-fed 
labouring  classes  to  &t  meat,  such  as  pork,  over  those 
meats  which  are  leaner  and  more  nitrogenous. 

Long  as  we  have  tarried  over  this  part  of  our  subject, 
the  time  will  not  have  been  misspent  if  it  have  clearly 
impressed  the  conviction  that  nitrogenous  food  is  not 
the  exclusively  plastic  food,  and  that  per-centages  of 
nitrogen  afford  no  nutritive  standard — the  conviction 
that  Liebig's  classification,  except  in  a  chendcal  point 
of  view,  is  erroneous — ^and  the  conviction  that  Chem- 
istiy  is  incompetent  to  solve  the  problem  of  Food. 

III.  Inobganio  Food. — As  soon  as  we  relinquish 
the  seductive  notion  of  physiological  deduction  from 
chemical  laws,  and  place  ourselves  at  the  proper  point 
of  view,  namely,  that  of  the  organism  to  be  nourished, 
our  classification  of  Food  speedily  falls  under  two  main 
divisions  —  Inorganic  and  Organic  substances;  and, 

*  Bepcrt,  p.  844.    Compare  also  their  Report  on  the  EqvivaUMy  qf 
SiMtk  and  Suffar  in  Food.    British  Assoc.,  1854. 
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doubtless  to  the  reader^s  surprise,  the  Inorganic  tnms 
out  to  be  the  more  important  of  the  two,  supposing 
always  that  a  question  of  degree  can  lawfully  be  enters- 
tained  where  both  kinds  are  indispensabla 

We  are  not,  indeed,  accustomed  to  consider  minerals 
as  food,  or  water  as  highly  nutritious ;  but  that  is 
because  we  are  not  accustomed  to  consider  the  subject 
with  the  needful  accuracy.    Tell  the  first  man  you  meet 
that  water  is  on  the  whole  more  nutritious  than  roast- 
beef,  and  that  common  salt,  or  bone-ash,  is  as  much  an 
edible  as  the  white  of  egg,  and  it  is  probable  that  he 
will  throw  anxious  glances  across  the  streets  to  assure 
himself  that  your  keeper  is  at  hand.    Make  the  same 
statements  to  the  first  man  of  science  you  meet,  and 
the  chances  are,  that  he  will  think  you  veiy  ignorant 
of  organic  chemistry,  or  that  you  are  playing  with  a 
paradox.*    Nevertheless,  it  is  demonstrably  true,  and 
never  would  have  worn  the  ^  of  a  paradox,  if  men 
had  steadUy  conceived  the  nature  of  an  alimentary 
substance.   - 

That  is  an  aliment,  which  nourishes  ;  whatever  we 
find  in  the  organism,  as  a  constant  and  integral  element, 
either  forming  part  of  its  structure,  or  one  of  the  con- 
ditions of  vital  processes,  that,  and  that  only,  deserves 
the  name  of  aliment 

But  men  have  been  seduced  &om  this  simple  con- 
ception, partly  by  vain  endeavours  to  ascertain  in 

*  "  Minerals  are  not  in  the  least  alimentary,  althongh  many  ani- 
mals often  eat  them  mixed  with  or  combined  with  their  food." — Tdedb- 
UJLSV :  Phytiologie,  i.  230. 
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analysis  of  food  and  excreta  what  are  the  truly  nutri* 
tive  substances,  and  partly  by  misconceptions  of  the 
processes  of  Nutrition. 

Nutrition  in  Plants  and  Animais. — Of  these  mis- 
conceptions there  is  one,  widely  spread,  which  declares, 
that  while  Plants  are  able  to  nourish  themselves 
directly  by  inorganic, materials  furnished  them  in  the 
air,  earth,  and  water.  Animals  are  incapable  of  thus 
drawing  nourishment  &om  inorganic  materials,  but 
depend  solely  on  the  organic  materials  prepared  for 
them  by  Plants.  The  Plants  feed  on  minerals,  the 
Herbivora  feed  on  Plants,  and  the  Camivora  on  the 
Herbiyora.  The  cycle  is  complete,  the  symmetry  of 
nature  seems  perfect 

One  feels  a  kind  of  pity  in  having  to  disturb  so 
elegant  a  formula ;  yet  the  truth  must  be  told,  and  the 
truth  is,  that  not  a  single  statement  so  expressed  is 
altogether  correct  Certain  it  is  that  Plants  can,  and 
do,  convert  inorganic  substances  into  organic,  but  it 
is  not  less  certain  that  this  power  is  very  limited,  all 
except  the  simplest  (perhaps  not  even  these)  needing 
organic  principles  to  be  yielded  by  the  soil  in  which 
they  grow.  This  destroys  the  distinction  between 
Plants  and  Animtds,  by  showing  that  both,  more  or 
less,  depend  on  organic  substances.  It  is  this  inabil- 
ity in  Plants  to  dispense  with  organic  matter,  that 
renders  manure  necessary.* 

*  Vebdbil  and  BiBLBT  have  afloertained  that  all  fertile  soils  oontain 
a  soluble  organic  substance  resulting  fh>m  the  decomposition  of  vege- 
iible  msAUr.—CampUg  Jtendus  de  la  SociitS  dt  Biolojfie,  It.  Ill,  112. 
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Vhile  SO  tnach  is  certain,  the  general  assmnptdon  ia, 
t  Anima.la  are  altogether  incapable  of  convertiiig 
'  inoi^anic  materials  into  organic ;  and  are  rigor- 
ily  dependent  on  Plants  for  every  organic  snbstaDce 
t  mtb  in  their  bodies.     This  assomption  seems  to 

wholly  unwarranted  by  any  dedaire  knowledge  yet 
ained.  The  main  argument  on  which  it  rests, 
nely,  that  unless  oiganic  substances  be  given  in  the 
d,  and  in  certain  proportions,  the  animal  perishes 
starvation,  has  no  longer  any  coercive  force  when 
reflect  that  starvation  as  inevitably  follows  if  inor- 
lic  substances  be  withheld.*  Organic  substances—' 
I  low  order  it  is  true — have  been  manufactured  by  Hk 
:mist  out  of  inorganic  substances  ;  and  if  urea,  alco- 
,  and  camphor  are  already  capable  of  being  made  in 
I  laboratory,  I  see  no  reason  for  supposing  that  even 
re  complex  substances  may  not  be  made  in  the  vital 
;anism,  which  is  tlie  seat  of  such  incessant  chemical 
nsformations.  f 

Be  tbis  as  it  may,  the  distinction  between  AnimAla 
1  Plants  &lls  to  the  ground  when  we  see  that  Plants 

require  organic  substances,  and  that  Atiimak  do 
Irish  l^emselves  with  inorganic  substances  taken 
ectly  from  eiath,  air,  and  water.  We  hew  salt  from 
I  quarry  to  cast  it  in  handfals  upon  our  stews  and 
ips,  or  in  pinches  on  our  meat  and  potatoes.    We 

The  neoeoil^  for  organio  food  will  be  better  ondsrstood  when  ws 
leto  tpeat  of  Digution,  and  the  aotion  of  ultrogeDoui  sabstaniM 

LaBHANN  in  of  the  tame  apiLioa.—Phfriol.  Chenie,  ilL  18IX 


.1 


MINERAL  FOOD.  99 

draw  water  firom  the  spring  to  drink;  and,  like  the 
plants^  we  draw  gases  (oxygen,  perhaps  also  nitrogen) 
from  the  air,  to  enter  into  those  various  combinations 
without  which  no  life  is  possible. 

It  may  be  unusual  to  call  these  nutritive  principles^ 
but  if  unusual,  it  is  not  unscientifia    If  ''  to  nourish 
the  body"  mean  to  sustain  its  force  and  repatr  its 
Wiste — ^if  food  enters  into  the  living  structure — and  if 
all  the  integral  constituents  of  that  structure  are 
derived  from  food — there  can  be  nothing  improper  in 
designating  as  nutritious,  substances  which  have  an 
enormous  preponderance  among  the  integral  constitu- 
ents.   People  who  think  it  paradoxical  to  call  water 
food,  win  cease  their  surprise  on  learning  that  water 
fonns  two-thirds  of  the  living  body ;  and  they  will 
peifaaps  cease  to  marvel  at  the  nutritive  value  here 
attributed  to  minerals,  on  learning  that  when  all  the 
'irater  is  eliminated,  and  the  solids  which  form  the 
remaining  one-third  are  analysed,  they  are  found  to 
contain  no  less  than  one-third  of  mineral  substances 
^ch  remain  as  ashes.    Nor  must  the  presence  of 
tiiese  mineral  substances  be  regarded  as  accidental  or 
nnimportant    They  are  constant,  constituent,  essen- 
^    Blood  is  not  blood  without  its  salts  and  iron ; 
We  is  not  bone  without  its  phosphates ;  muscle  is  not 
mnsde  without  its  salts. 

I^  us  glance  at  one  or  two  of  these  inorganic  ele- 
ments ;  and,  first,  at  phosphate  of  lime.  There  is 
M  a  single  humour,  nor  a  single  tissue  in  the  body, 
^Hdi  is  without  a  certain  proportion  of  this  salt.    By 

H 
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moving  it,  the  int^ri^  of  the  tissne  is  destroyed,  anfl 

1  charactoistic  properties  are  as  inflillibly  altered  i 
the  organic  elements  were  removed.    If  the  need*! 

1  quantity  be  withheld  or  withdrawn,  the  i 
icome  weakened,  as  we  see  in  pregnant  women,! 
hose  fractured  limbs  are  with  difficulty  healed  (aome-l 
mea  not  at  all),  simply  because  their  phosphate  of  I 
ue  has  been  diminished  by  the  demands  of  the  I 
Jld. 

A  similar  effect  is  noticeable  in  inianta  during  teetJi- 1 
g,  a  period  when  the   "rickets"  often  make  their  V 
'eaded  appearance. 
Bnt  still  more  fatal  ia  the  effect  of  withholding  this  I 
It  from  the  food,  as  we  learn  in  the  strikJng  ez- 
ffimeDts  of  Chossat,  who  withheM  it  from  pigeons,  I 
lowing  them  to  eat  no  more  than  was  contained  in  I 
le  grun  and  water  on  which  he  fed  them  :  they  all  I 
irished  miserably,  ^ter  attacks  of  diarrhoea  and  soft-  I 
ling  of  the  hemes.* 
The  absolute  necessity  of  a  supply  of  inorganic  mate-  i 
ala  in  Food  is  further  illustrated  in  one  of  the  e 
lents  of  Messrs  Lawes  and  Gilbert,  who  note  that 
the  pigs  in  the  pen,  where  Indian  meal  alone  was    : 
LTen,  had  become  affected  with  large  tumours  braak- 
ig  out  on  their  necks,  their  breathing  and  swallowing 
scoming  at  the  same  time  difficult    We,  in  order  to 

•  VOH  BlBK^  fbuDd  Uiat  On>  quantity  of  phosphate  of  lima  contained 
I  the  boaea  vu  detenutntid  b;  their  tatjo  of  woric ;  thosa  of  tlia  U^ 
id  feot  CDntsining  more  [Iiiid  ths  anni  and  bsoda,  ud  both  tlie«e 
ore  than  th«  riba  or  the  pasalTa  hone*. 
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test  the  question  as  to  whether  this  arose  from  the 
defect  of  nitrogen  or  from  other  causes^  supplied  them 
vith  a  trough  of  mineral  substances :  they  soon  re- 
coTered  frt)m  their  complaint,  and  eventuaUy  proved  to 
be  among  the  fattest  and  best  of  the  entire  series  of 
pigs ;  at  least  a  dealer  in  pork,  with  a  practised  eye, 
purchased,  by  preference,  one  of  these  animals  from 
among  the  whole  set  of  carcassea  The  mineral  mi^ 
tore  supplied  to  them  was  composed  of  twenty  parts 
coal-ashe%  four  parts  common  salt^  and  one  part  super- 
phosphate of  lime ;  and  for  it  they  seemed  to  exhibit 
considerable  relish.''  * 

The  point  is  forcibly  put  by  Liebig : — "  In  the  two 
preceding  letters,  there  has  been  ascribed  to  certain 
constituents  of  seeds»  tubers,  roots,  herbs,  fruits,  and 
flesh,  the  power  of  supporting  the  processes  of  nutrition 
and  respiration ;  and  it  wiU  appear  as  a  veiy  striking 
contradictioii  wh^i  it  is  stated,  that  no  one  of  these 
substances  by  itself,  neither  caseine  alone,  nor  the  sub- 
stance of  muscular  fibre,  nor  the  albumen  of  eggs  or  of 
the  blood,  nor  the  corresponding  vegetable  products, 
are  able  to  support  the  plastic  or  formative  processes  ; 
that  neither  starch,  sugar,  nor  fat,  can  sustain  the  pro- 
cess of  respiration.    Nay,  it  may  excite  still  greater 
astonishment  to  add,  that  these  substances,  even  when 
mixed,  no  matter  in  what  proportions,  are  destitute  of 
the  property  of  digestibility  without  the  presence  of 
certain  other  substances ;  so  much  so,  indeed,  that  if 
these  other  conditions  be  excluded,  the  above-named 

*  Rep<yrt,  p,  339. 
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compounds  are  utterly  unable  to  effect  the  contmuanoa 
of  life  and  the  vital  phenomena"  * 

He  then  proceeds  to  explain  that  these  matters  are 
the  salts  of  t^e  blood,  and  examines,  with  his  usaal 
acuteness  when  dealing  with  chemical  phenomena^  tJie 
part  played  by  the  alkalis  in  the  nutritive  procesa 

We  must  remark,  however,  that  even  here  the  ab- 
sence of  the  true  anatomical  point  of  view  renders  his 
teaching  incomplete  ;  for  he  only  takes  into  account  the 
part  played  by  the  inorganic  substances  as  conditions 
of  vital  phenomena  (such  as  promoting  digestibility 
and  nutrition),  entirely  overlooking  their  part  as  inte- 
gral elements  of  tissue,  on  which  many  of  the  proper- 
ties of  tissues  depend. 

It  is  from  this  mistaken  view,  we  imagine,  that  he 
omits  water  &om  the  list ;  yet  anatomy  assures  us  that 
water  is  an  essential  element  of  tissue ;  and  its  enor- 
mous preponderance  in  quantity  is  the  expression  of 
its  pre-eminence  in  nutritive  quality,  and  explains  the 
paradox  of  water  being,  longo  intervaUo,  the  most  sus- 
taining of  all  articles.  life,  we  know,  may  be  pro- 
longed  for  weeks  without  any  organic  food  being 
taken,  if  water  be  freely  supplied ;  but  life  will  not  con- 
tinue many  days  when  water  is  withheld.  K,  therefore^ 
the  purpose  of  Food  be  to  sustain  the  organism,  that 
article  which  sustains  it  longest,  and  can  with  least 
immunity  be  withheld,  must  be  the  most  nutritive  of 
all ;  and  thus  water  claims  pre-eminence  over  beef 

Water  is  so  abundant  around  us,  and  it  passes  in 

*  Chemical  Lettm,  1851,  p.  382 ;  ed.  1859,  p.  404. 
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and  out  of  the  system  with  snch  freedom,  that  we  are, 
naturally  disposed  to  overlook  the  fact  of  its  forming  a 
constituent^  tolerably  constant  in  amount  Many  of  its 
uses  are  accurately  known.  It  dissolves  gases,  without 
which  Bespiration  would  be  impossible ;  and  gives  the 
tissues  their  elasticity,  the  humours  their  fluidity.  It 
is  the  great  vehicle  of  chemical  change.  If  the  lungs 
were  formed  precisely  as  they  are,  with  the  single  ex- 
ception of  having  no  moisture  on  their  surfaces,  Bespir- 
ation  could  not  be  efiPected ;  as  we  see  when  the  fish  is 
taken  out  of  water,  and  its  gills  become  dry  by  evapor- 
ation. The  cornea  of  the  eye  owes  its  transparency  to 
water,  and  the  removal  of  that  small  qtumtity  would 
lender  vision  a  mere  perception  of  a  local  change  in 
temperatur& 

But  it  is  unnecessary  to  rehearse  the  manifold  pro* 
perties  of  water  in  the  vital  organism ;  we  have  said 
enoQ^  to  show  its  eminence  as  Food. 

Common  Salt  (chloride  of  sodium)  is  another  con- 
stant and  universal  substance  which  claims  rank  as 
Food,  It  forms  an  essential  part  of  all  the  organic 
fluids  and  solids,  except  the  enamel  of  the  teeth  \  *  a 
statement  to  which  attention  is  called,  because  liebig, 
in  one  passage,-]*  seems  to  deny  that  it  forms  part  of 
the  tissues,  declaring  that  in  muscle  chloride  of  potas- 

*  BoBor  and  Vesdxzl  :  TmU  de  Chimie  Anatomique^  ii.  175  ;  and 
l^BMASV,  iL  404 ;  m.  80. 

t  Cktmical  LdUn^  1851,  pp.  405,  406  ;  ed.  1859,  p.  426.  That  thia 
■tatemmt  alxonld  be  left  unmodified  U  the  more  surprising  since  it  n- 
Ib^  to  a  purely  ohamioal  question.  Was  it  overlooked  by  Liebig  in  his 
t^visbn  of  the  Letters,  or  does  he  maintain  his  original  opinion  in  spite  of 
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flium  is  abundant,  but  no  chloride  of  sodimn  exists ; 
but  the  analyses  of  Yon  Bibra,  Banal,  and  othen, 
declare  the  existence  of  this  salt  in  mnscl& 

Common  salt  is  always  found  in  the  blood,  in 
qoantities  which  vary  within  extremely  narrow  limits; 
forming  less  than  a  half  per  cent  (0.421)  of  the  entire 
mass,  water  included,  and  as  much  as  75  per  cent  of 
the  ashes  of  the  blood    This  quantity  is  wholly  in« 
dependent  of  any  surplus  contained  in  food ;  for  the 
surplus  is  either  not  absorbed,  or  is  carried  away  in 
the  excretions  and  perspiration ;  *  and  this  shows  salt 
to  be  an  anatomical  constituent,  not  an  accident    If 
too  little  salt  be  taken  in  the  food,  instinct  forces  every 
animal  to  supply  the  deficiency  by  eatiug  it  separately. 
"The  wild  buffalo  frequents  the  salt  licks  of  North- 
western America;  the  wild  animals  in  the  central  parts 
of  Southern  Africa  are  a  sure  prey  to  the  hunter  who 
conceals  himself  beside  a  salt  spring ;  and  our  domestic 
cattle  run  peacefully  to  the  hand  that  offers  them  a  taste 
of  this  loxuiy.    From  time  immemorial  it  has  been 
known  that  without  salt  man  would  miserably  perish : 
and  among  horrible  punishments,  entailing  certain 
death,  that  of  feeding  culprits  on  saltless  food  is  said 
to  have  prevailed  in  barbarous  times."  "f* 

the  analyses  made  by  others  f  Enough  for  us  that  the  latest  autho- 
rities—to which  may  be  added  Professor  liiLLEB :  JBUaaentt  qf  CkfBM- 
try,  1857,  iii  681— proclaim  the  existence  of  chloride  of  sodium  in 
muscle  as  well  as  other  tissues. 

*  Db  BLAiirYZLLK  has  noticed  that  people  liying  on  the  ooast,  or 
eating  aalted  meats,  have  a  decided  increase  of  salt  in  their  perspiration. 

t  J0H^^8T0V :  C/temitlry  of  Common  Lift,  p.  400. 
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When  Cook  and  Forster  landed  in  Otaheite  they 
astonished  the  natives  who  saw  them  eating  white 
powder  with  every  morsel  of  meat ;  and  every  one  re- 
members Man  Friday's  expressive  repudiation  of  salt. 
But  the  savages  who  ate  no  "  white  powder/'  ate  fish ; 
and  cooked  their  flesh  in  sea-water,  rich  in  salt.  In 
several  'psxts  of  Africa  men  are  sold  for  salt ;  and  on 
the  Gold  Coast  it  is  the  most  predous  of  all  commodi- 
lie&  On  the  coast  of  Sierra  Leone  a  man  will  sell  his 
sister,  his  wife,  or  his  child,  for  salt,  not  having  learned 
the  art  of  distilling  it  fix>m  the  sea. 

The  properties  of  salt  are  manifold.  It  forms  one 
of  the  essential  conditions  of  vital  processes.  It  renders 
albmnen  soluble,  and  is  necessary  for  digestion,  being 
decomposed  in  the  stomach  into  hydrochloric  acid  for 
the  gastric  process,  and  soda  for  the  bile. 

Law  of  Endosnums. — Salt  has  also  a  most  import- 
ant property,  namely,  that  of  aiding  to  effect  the  inter- 
change of  fluids  through  the  walls  of  the  vessels,  in 
aooordance  with  that  law  of  endosmosis,  on  which  so 
many  vital  processes  depend — a  law  which  we  must 
pause  for  a  moment  to  consider,  since  we  shall  here- 
after have  frequent  occasion  to  invoke  it    If  a  bladder 
be  jBUed  with  alcohol,  or  any  other  liquid,  and  placed 
in  an  empty  glass  vessel,  none  of  the  alcohol  will  pass 
throngh  the  bladder  into  the  vessel    If  we  pour  alco- 
hol into  the  vessel — or  if  we  pour  any  other  liquid  into 
it  having  the  same  density  as  the  liquid  contained  in 
the  bladder — none  will  pass  from  the  vessel  into  the 
bladder,  nor  from  the  bladder  into  the  vessel    We  say 
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the  bladder  is  "  impermeable  "  by  fluids  ;  and  becaofe  | 
of  this  impenneabjlity,  we  employ  it  to  hold  fluids. 
Nevertheless  ve  make  a.  great  mistake  in  saying  s 
The  bladder  is  perfectly  permeable,  and  will  alloir  fluids 
to  pass  in  or  pass  out,  provided  the  conditions  be 
slightly  changed.  Thus,  if  we  place  this  bladder  of 
alcohol  in  a  vessel  of  water,  the  water  being  a  liquid  of 
different  density  from  the  alcohol,  a  sutprisiDg  pheno- 
menon occors — the  water  penetrates  rapidly  into  die 
bladder,  and  a  little  of  the  alcohol  passes  into  Uie 
vessel  This  action  goes  on  till  a  complete  equality  of 
density  is  established  between  the  fliud  in  the  bladder 
and  that  in  the  vessel  This  rutting  in  of  the  toater 
PiB>  ^  is  called  endomaosisj  this  rtuA- 

ing  out  of  the  alcohol  is  called 
exosmosis.  The  following  figure 
represents  the  endosmomet«r  of 
Dntrochet,  the  discoTerer  of  this 
enrprising  law. 

The  small  bladder  a  is  tied  t«a 
gla£B-tube  d,  open  at  botli  ends, 
EHDonoiiniii.  ODe  of  wMch  is  bcnt,  c.  The 
bladder  is  filled  with  alcohol  till  it  reaches  the  point 
of  the  tube  d;  it  is  then  placed  in  a  vessel  of  water  e; 
and  almost  at  once  the  alcohol,  having  its  volume 
increased  by  the  water  which  has  penetrated  the 
bladder,  will  be  seen  rising  in  the  tube  and  &Jling 
drop  by  drop  into  the  glass  b.  This  continues  till 
Uie  alcohol  and  water  are  completely  mixed  in  bladder 
aadvessd. 
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We  must  not  enter  foriher  upon  this  subject,  inter- 
esting though  it  is.  Enongh  if  we  bear  in  mind  that 
whenever  an  animal  membrane  separates  two  fluids 
of  different  densOies,  a  miUual  interchan^  between 
those  fluids  wUl  take  place.  Thus  although  the 
minate  blood-vessels,  caJUed  capillaries,  are  closed  tubes, 
and  would  keep  the  blood  in  them  as  a  bladder  holds 
water,  they  suffer  gases  and  liquids  to  pass  through 
their  walls  from  them,  and  itUo  them,  whenever  the 
gas  or  liquid  outside  is  of  a  different  density  to  that 
insida 

We  may  now  return  from  our  digression  to  the  con- 
oderation  of  Salt,  which,  by  increasing  the  density  of 
the  fluids  into  which  it  enters,  is  one  of  the  many  agents 
in  endosmosia  Indeed,  so  great  are  the  services  of 
salt,  that  we  may  confidently  accept  the  statement  of 
Dr  Bence  Jones,  that  it  is  ''a  substance  as  essential  to 
life  as  nitrogenous  food,  or  non-nitrogenous  food  and 
water  ;'"*  and  if  so  essential,  then  assuredly  Food. 

It  would  lead  us  too  far,  and  the  excursion  would  be 
mmecessary,  to  examine  separately  all  the  inorganic 
substances  taken  as  Food ;  enough  has  already  been 
I  said  to  justify  the  classification,  which  places  the  inor- 
ganic beside  the  organic  substances,  as  one  of  the  two 
great  divisions  into  which  the  subject  naturally  falls. 
If  we  do  not  dine  off  minerals,  nor  find  ourselves 
pleasantly  munching  a  lump  of  chalk,  as  we  should 
munch  a  lump  of  bread ;  if,  as  a  general  rule,  we  eat 
mineral  substances  only  in  combination  with  oi^anic 

*  BXSCK  Jokes  :  On  Gravely  Caleultu,  and  Oout,  p.  46. 
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[ibstances,  and  not  separate!;;  the  mle  u  absolute 
rliich  forces  us  to  eat  oq;anic  substances  m  combiiia- 
lonwitihuioigaQic,  because  in  fiut  no  pare  otganic  sob- 
tance  can  be  fotind.  It  may  seem  absnid  to  talk  <rf 
iting  inorganic  food,  because  we  m^y  eat  it  sepai- 
tely ;  bat  in  that  sense  it  is  absnrd  to  talk  of  eating 
rganic  food,  because  organic  sobstance,  &ee  &om  all 
dmixtore  of  the  inoi^janic,  has  never  been  eaten  hj 
ny  imwi 


CHAPTER   II. 

{Coniimted) 
FOOD   AND   DBINK 

SBCnON  n.— AUMENTABY  PfimaFLffi. 

Effect  of  different  oonditioiis  in  sabstanceB — life  interferes  to  disturb 
ordlnaxy  ohemical  actions — Effect  of  Form — ^Food  considered  chemi- 
cally and  {ihysloIogicaUy— Blood  as  a  standard  of  food— Milk  bm  a 
itamdaid— A  Ibnmen— Fibrine— Caaeine— The  protein  bodiee— Ghxten 
— Gelatiney  is  it  nutritions? — History  of  the  inquiry — ^Fats  and  oils ; 
their  digestibility  in  yarions  conditions — Starch  as  food — Uogar — 
Doee  SQgar  injure  the  teeth  I— Aloohol  as  food— Teetotalism — Iron  as 
&od — Adds,  do  they  prevent  scurvy  t— Does  vinegar  keep  people 
thin? 

Hating  in  the  preceding  section  argaed  some  of  the 
g^end  questions  relatiye  to  food,  we  must  now  review^ 
in  a  brief  manner,  the  varions  Alimentary  Principles 
of  which  food  is  composed ;  and  then  we  may  pass 
on  to  the  yaripns  articles  of  food  consumed  by  man. 

1.  Effect  of  different  conditions. — ^The  water  which 
drowns  ns  as  a  fluent  stream,  can  be  walked  upon  as 
ioe.  The  bullet  which,  when  fired  from  a  musket, 
carries  death,  will  be  harmless  if  ground  to  dust  before 
being  fiied.  The  crystallised  part  of  the  oil  of  roses, 
80  grateful  in  its  fragrance — a  solid  at  ordinary  tem- 
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peratnres,  thongh  readily  volatile — ^is  a  compomid  sab- 
stanoe  contaimiig  exactly  the  same  elements,  and  m 
exactly  the  same  proportions,  as  the  gas  with  which 
we  light  onr  streets.  The  tea  which  we  daily  drink, 
with  benefit  and  pleasure,  produces  palpitations,  ner?- 
ous  tremblings,  and  even  paralysis,  if  taken  in  excess ; 
yet  the  peculiar  organic  agent — called  theine — ^to  whidi 
tea  owes  its  qualities,  may  be  taken  by  itself  (as  theine, 
not  as  tea)  without  any  appreciable  effect*  The  water 
which  will  allay  our  burning  thirst,  augments  it  when 
congealed  into  snow;  so  that  Captain  Boss  declares 
the  natives  of  the  Arctic  regions  "prefer  enduring  the 
utmost  extremity  of  thirst  rather  than  attempt  to  re- 
move it  by  eating  snow/'f  Yet  if  the  snow  be  melted, 
it  becomes  drinkable  water;  and  it  is  melted  in  the 
mouth.  Nevertheless,  although,  if  melted  before  ente^ 
ing  the  mouth,  it  assuages  thirst  Uke  other  water,  when 
melted  in  the  mouth  it  has  the  opposite  effect.  To 
render  this  paradox  more  strildng,  we  have  only  to 
remember  that  ice,  which  melts  more  slowly  in  the 
mouth,  is  veiy  efficient  in  allaying  thirst 

These  facts  point  to  an  important  consideration, 
which  has  been  little  regarded  by  the  majority  of  those 
who  have  written  on  Food :  the  consideration  of  the 
profound  differences  which  may  result  from  simple 
differences  in  the  state  of  substancea  The  chemist,  in 
his  elementary  analysis,  necessarily  gives  no  clue  to 
such  difierencea     He  tells  us  of  what  elements  an 

*  SOHLKDEJT :  Die  P/lanze,  1858,  p.  205. 
f  Boss :  yamUtve  qf  Second  Voyage,  p.  8G6. 
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article  of  Food  is  composed;  but  he  cannot  tell  ns  how 
those  elements  are  combined,  nor  in  what  state  the 
substance  i&  Even  when  he  has  ascertained  the  real 
composition  and  properties  of  any  substance,  he  has 
still  to  ask  the  physiologist  what  are  the  conditions 
presented  by  the  oigamsm  in  which  this  substance  is 
to  undergo  chemical  transformation. 

We  know  that  a  change  in  the  conditions  will  cause 
a  change  in  the  manifestation  of  a  force ;  so  that  often 
what  ordinarily  takes  place  in  the  laboratory  will  not 
at  all  take  place  in  the  organism.    Chlorine  and  hydro- 
gen are  gases  haying  a  powerful  affinity  for  each  other 
— ^that  is  to  say,  they  will  unite  when  brought  together 
in  the  daylight ;  but  if  we  change  the  conditions — ^if 
we  bring  them  together  in  the  dark — ^their  affinity  is 
never  manifested ;  and  thus,  while  in  the  simlightthey 
rush  together  with  explosive  force,  producing  an  intense 
add,  they  will  remain  quiescent  in  the  darkness,  and 
there  for  all  eternity  would  form  no  combination. 
Again,  this  same  chlorine  decomposes  water  in  the 
son's  rays  ;  but  in  darkness  it  has  no  such  power. 

If  such  are  the  effects  of  so  simple  a  change  in  the 
conditions,  it  is  easy  to  imagine  how  various  must  be 
the  differences  between  the  phenomena  which  occur  in 
the  laboratory,  and  those  which  the  same  substances 
present  under  the  complex  conditions  of  ihe  organism, 
2.  Interference  of  Life, — ^The  chemist  employs  ves- 
sels of  glass,  in  which  he  isolates  the  substances  he 
examines,  keeping  them  free  firom  the  interference  of 
other  substances,  because  he  knows  that,  unless  such 
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interference  be  avoided,  liis  experiment  will  be  nullified. 
He  knows,  for  example,  that  a  drop  of  water  whidi,  if 
poured  into  a  red-hot  cracible,  flies  up  into  his  &ce 
as  steam,  will  rapidly  pass  into  tc6  if  a  little  liquid 
sulphurous  acid  happen  to  be  present.  He  knows, 
in  short,  that  the  stronger  affixiity  prevents  the  action 
of  the  weaker  aflSnity ;  and,  to  be  sure  of  his  experi- 
ment, he  must  isolate  his  substances. 

But  in  the  vital  laboratory  no  such  isolation  is  pos- 
sibla  The  oiganism  has  no  glass-  vessels,  no  air-tigfat 
cylindera  Vital  processes  go  on  in  tissues  which,  so 
far  &om  isolating  the  substance  iQtroduced — so  £» 
from  protecting  it  against  interference,  do  inevitably 
interfere,  and  are  themselves  involved  in  the  very 
changes  undergone  by  the  substance  Thus,  while  it 
is  true  that  an  alkali  will  neutralise  an  acid  out  of  the 
organism,  we  must  be  cautious  in  applying  such  a 
chemical  principle  in  the  administration  of  drags,  be- 
cause the  alkali  may  stimulate  a  greater  secretion  of 
the  gastric  acid ;  so  that,  over  and  above  the  amonnt 
neutralised,  there  will  be  a  surplus  of  add  free,  owing 
to  the  interference  of  the  oiganism  in  which  the  pro- 
cess takes  place. 

Besides  the  complications  which  occur  from  the 
inevitable  interference  of  the  organism  itself,  and  from 
the  differences  resulting  from  differences  in  the  state 
of  bodies,  there  are  other  complications  arising  from 
causes  peculiarly  vital  In  Biology,  questions  of  Form 
are  scarcely  less  important  than  questions  of  Composi- 
tion.   Spread  out  a  cell  into  a  layer,  and  you  will  find, 
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that  in  ceasiiig  to  be  a  cell,  it  has  ceased  to  act  as 
BQcb — ^it  has  lost  all  the  properties  which  distinguished 
it  as  a  cell. 

Thus,  the  green  cells  of  the  plant  decompose  car- 
bonic acid.  Even  the  torn  leaf  will  equally  fix  the  car- 
bon and  liberate  the  oxygen,  provided  its  cells  are  pre- 
served in  their  integrity  of  form.  But  if  these  cells  are 
crashed,  or  otherwise  injured,  this  vital  property  ceases, 
because  the  cell  alone  is  capable  of  manifesting  it  * 

TTnder  the  influence  of  yeast,  sugar  is  decomposed 
into  alcohol  and  carbonic  acid ;  but  if  the  yeast-cells 
be  crushed  and  disorganised,  their  action  on  the  sugar  is 
said  to  be  quite  different :  instead  of  converting  it  into 
alcohol  and  carbonic  acid,  they  convert  it  into  lactic  acid. 
We  must  acknowledge,  then,  that  when  certain  com- 
biBations  of  carbon,  oxygen,  hydrogen,  nitrogen,  and 
salts,  assume  the  form  of  a  ceU,  the  phenomena  mani- 
fested are  no  longer  simply  chemical,  but  assume  the 
speciality  of  vital  action. 

Such  considerations  need  all  our  attention  in  deal- 
ing with  so  complex  a  question  as  that  of  Food.  They 
show  the  radical  incompetence  of  chemical  laws  alone 
to  aolve  the  questions  of  Physiology,  and  urge  us  to 
^ject,  as  misdirected  labour,  all  attempts  at  establish- 
ing  anything  more  than  chemical  facts  in  the  "  Chem- 
istry of  Pood." 

It  was  undoubtedly  a  great  discovery  which  Mulder 
iQade  in  1838,  that  the  albumen  of  plants  was  identical, 

*  HucDis:    Versuch  einer  Physiol,   ChemU,  i.  198.    Lebkavn: 
^«*f**A  dtr  Pkytiol.  Chmis,  iiL  170. 
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or  nearly  so,  with  the  albumen  of  animals  ;  and  oonse-  ^^ 
quently,  that,  when  the  ox  ate  grass,  and  the  lion  ate 
the  ox,  both  derived  their  nutriment  from  the  same 
chemical  substanca  A  great  discoveiy ;  but  I  cannot 
agree  with  Moleschott*  in  thinking  this  discoyery  first 
settled  the  basis  of  a  science  of  Food.  It  was  a  diemi- 
cal  triumph,  fruitful  in  results  to  chemistry ;  but  its 
physiological  bearing  has  been  greatly  exaggerated,  and 
has  given  increased  impetus  to  that  chemical  inves* 
tigation  of  Food,  which,  as  we  have  seen,  cannot^  in 
the  nature  of  things,  be  other  than  misleading.  And 
although  Mulder  has  shown  the  inaccuracy  of  the 
notion,  that  vegetable  albimien  is  idmiical  with  the 
fibrine  of  the  blood,  and  vegetable  caseine  with  the 
caseine  of  the  blood -|-  —  although  he  energetically 
repudiates,  as  unphilosophical,  the  idea  of  a  chemical 
analysis  furnishing  any  true  standard  of  nutritive 
value — ^yet  even  he  has  not  clearly  stated  what  the 
true  method  of  investigation  must  be. 

To  the  chemist  there  may  be  little  or  no  difference 
between  plant  and  flesh,  as  Food ;  to  the  physiologist 
the  difference  is  profound :  he  sees  the  lion  perishing 
miserably  of  inanition  in  presence  of  abundant  herbage, 
which  to  the  elephant  or  buffalo  furnishes  all  that  is 
needful  The  ox  eats  the  grass,  and  the  tiger  eats  the 
ox,  but  will  not  touch  the  grass.  The  flesh  of  the  ox 
may  contain  little  that  is  not  wholly  derived  from  the 
grass ;  and  the  chemist,  analysing  the  flesh  of  both, 

*  MoLEBCHorr:  KreUla%tfdea  Lehtnt,  1857,  p.  101. 
t  Mulder:  PhytioL  Chemie,  p.  917. 
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may  point  out  their  identity ;  but  the  physiological 
question  is  not :  What  are  the  chemical  constituents  of 
nutritiye  substances  ?  it  is :  What  are  the  substances 
which  mQ  nourish  the  organism  ?  If  the  animal  will 
not  eat, — or,  having  eaten,  cannot  assimilate, — ^a  certain 
substance,  that  substance  is  no  food  for  that  animal, 
be  its  diemical  composition  what  it  may  * 

We  thus  see  that  digestibility  is  an  important  ele- 
ment in  the  estimate  of  Food :  unless  the  substance  can 
be  digested,  it  cannot  be  assimilated,  cannot  nourish  ; 
although,  perhaps,  if  assimilated,  the  substance  might 
have  a  high  value.  A  pound  of  beefsteak  contains  an 
enormous  superiority  of  tissue-making  substance  over 
that  contained  in  a  pound  of  cabbage ;  yet  to  the  rabbit 
the  cabbage  is  the  superior  food,  while  to  the  dog  the 
cabbage  is  no  food  at  aLL 

3.  The  Blood  <is  a  standard  of  Food, — ^When  we 
consider  the  part  played  by  Food,  as  furnishing  the 
materiab  out  of  which  the  organic  fictbric  is  constructed, 
uid  its  actions  facilitated,  it  seems  natural  to  assume 
that  the  Blood  is  the  proper  standard  we  should  have 
in  view ;  and  that  we  should  designate  those  substances 
as  Aliments  which,  directly  or  indirectly,  go  towards 
the  formation  of  Blood. 

« 

Yet,  on  a  deeper  scrutiny,  this  is  seen  to  lead  us  a 
very  little  way.  An  analysis  of  Blood  will  neither  give 
^  a  complete  list  of  alimentary  substances,  nor  indicate 
the  dimentary  value  of  each  special  substance.    True 

*  It  iscurkras  that  carnivora  feed  chiefly,  sometimes  exclusively,  on 
Wbiyoxa,  and  not  on  carniyora,  whose  flesh  most  resembles  their  own. 

K 
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it  is  that  all  the  tissues  are  formed  firom  the  Blood,  and 
that  all  alimentary  snbstances,  in  their  final  state  pie- 
Tious  '^o  assimilation,  make  their  way  into  it  But  we 
win  briefly  point  out  why,  in  spite  of  all  this,  the  Blood 
can  never  famish  ns  with  the  desired  standard. 

In  the  first  place,  while  Blood  is  trnly  the  yehide  of 
nutrition,  it  is  at  the  same  time  the  vehicle  of  many 
products  of  decay  and  disintegration.  It  carries  in  its 
torrent  the  materials  for  the  use  of  to-day  and  to-mor- 
row, but  it  also  carries  the  materials  which  were  vital 
yesterday,  and  are  efiete  to-day,  unfit  to  be  retained, 
and  hunying  to  the  various  issues  of  excretion.*  Blood 
is  thus  at  once  purveyor-general  and  general  sewer, 
carrying  life  and  carrying  death.  We  shall  therefore 
always  find  in  it  substances  which  are  not  alimentaiy, 
mingled  with  those  which  are  ;  and  we  cannot  separate 
these,  so  as  to  make  our  analysis  of  use. 

In  the  second  place,  among  the  substances  normally 
current  in  the  circulation  we  do  not  find  several  which 
are  notoriously  serviceable  as  alLtnenta  Some  of  these, 
as  theine,  caffeine,  alcohol,  &c.,  are  not  present  in  the 
blood ;  and  others,  as  fitts  and  sugars,  are  present  in 
quantities  obviously  too  small  for  the  amounts  con- 
sumed as  food. 

Finally,  although  substances  are  nutritive,  or  blood- 

*  See  on  this  point  John  SmoK,  Leeiuret  on  PtUhology,  p.  28  :— 
"  Menially  we  can  separate  these  three  kinds  of  blood,  bat  experi- 
mentally we  cannot.  They  are  mixed  together— past,  present,  and 
ftitore— the  blood  of  yesterday,  the  blood  of  to-day,  and  the  blood  of 
to-morrow — and  We  have  no  method  of  separating  them." 
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makmg,  in  proportion  to  their  resemblance  to  blood, 
yet  this  resemblance  must  exist  after^  not  before^  the 
snbstances  have  gone  through  the  process  of  diges- 
tion ;  since  no  sooner  is  any  substance  taken  into  the 
stomach   than  a  series  of  changes  occurs — changes 
indispensable  for  its  admission  into  the  circulation,  but 
which  impress  on  it  a  very  different  character  from  the 
one  it  bore  on  its  entrance    A  beefsteak  is  assuredly 
more  neaxiy  allied  in  composition  to  the  blood  of  an  ox 
than  is  the  dewy  grass  of  the  meadow ;  yet  the  beef- 
steak will  form  no  blood  for  the  ox,  because  it  cannot  be 
properly  digested,  whereas  the  grass  becomes  converted 
into  blood  in  the  course  of  the  changes  impressed  on  it 
during  digestion ;  and  what  was  thus  wtHike  becomes 
liie,  or,  as  we  say,  a«9imi2atec2. 

The  experiments  of  Claude  Bernard  are  highly  sug- 
gestive on  this  point    He  found  that  if  sugar,  or 
albumen,  were  injected  into  the  veins,  it  was  not 
ttsiinilated,  but  was  eliminated,  unchanged,  by  the 
kidnqrs ;  whereas,  if  either  substance  were  injected  into 
the  veins  together  with  a  little  gastric  juice,  assimUar 
tioQwas  completa    In  another  experiment  he  found 
that  if  sugar  and  albumen  were  injected  into  the  portal 
vein  (which  would  carry  them  through  the  liver,  where 
certain  changes  are  always  impressed  on  them),  they 
Would  be  assimilated ;  but  if  he  injected  them  into  the 
jugolar  vein,  by  which  they  would  reach  the  lungs 
without  passing  through  the  liver,  no  assimilation 
would  take  place. 
We  here  once  more  see  the  necessity  of  taking  into 
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account  the  organism  and  its  vital  acta,  whenever  m 
would  attempt  an  explanation  of  Food. 

The  general  considerations  which  a  pfiori  caused  ns 
to  relinquish  the  idea  of  finding  a  proper  standard  in 
the  composition  of  the  Blood,  are  fully  confirmed  bjr 
the  results  of  Payen's  experiments,  which  show  thit 
Blood  is  not  a  good  aliment  He  fed  pigs  on  equal 
proportions  of  flesh  and  blood,  and  found  that  thef 
exhibited  all  the  signs  of  starvation ;  whereas,  wheo 
fed  under  similar  conditions,  except  that  blood  was  re- 
placed by  an  equal  amount  of  flesh,  they  &ttened  and 
grew  strong  * 

4.  Milk  as  a  standard  of  Food — The  Blood,  then, 
must  be  given  up  Shall  we  try  Milk  ?  Others  have 
done  so  before  us,  making  it  the  standard  of  Food, 
because  it  is  itself  an  aliment  which  contains  all  the 
substances  necessary  for  the  nourishment  of  an  organism 
during  the  most  rapid  period  of  growth.  Out  of  milk, 
and  milk  alone,  the  young  elephant,  the  young  lion,  or 
the  young  child,  extracts  the  various  substances  which 
furnish  muscles,  nerves,  bones,  hair,  claws,  &c. ;  milk 
furnishes  these  in  such  abundance,  that  the  increase  of 
growth  is  far  greater  during  the  period  wh^  the 
animal  is  fed  exclusively  on  it,  than  at  any  subsequent 
period  of  its  career.  "In  milk,"  says  Prout,  "we 
should  expect  to  find  a  model  of  what  an  alimentary 
substance  ought  to  be — a  kind  of  prototype,  as  it  were, 
of  nutritious  elements  in  general'' 

The  idea  was  so  plausible  that  its  acceptance  ttss 

*  Patek  :  Dm  SuiUiancei  Alimeniaires,  p.  45, 
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geoeraL  Neyeriheless  nothing  is  more  certain  than 
that  milk  is  not  this  model  food,  since,  however  it  may 
suit  the  young  lion,  or  the  yonng  child,  we  cannot  feed 
the  adnlt  lion,  or  the  adult  man  on  milk  alone :  we  can 
feed  the  lion  on  bones  and  water,  and  the  man  on 
bread  and  water,  but  not  on  milk.  A  model  food  for 
the  young,  it  ceases  to  be  so  for  the  adult ;  that  rela- 
tion which  existed  between  the  Food  and  the  Organism 
in  the  one  case,  no  longer  exists  in  the  other. 

If  milk  does  not  famish  us  with  an  absolute  standard 
(except  for  the  young),  it  furnishes  an  approximative 
standard  of  great  value.  Its  composition  points  out 
the  proportions  of  Inorganic  and  organic  substances 
necessary  in  the  food  of  the  juvenile  organism,  and  of 
course  approximatively  in  that  of  the  adult  In  1000 
parts,  milk  contains — 

Water,  ,        ...      873 

48 


I  Caseine  (nitrogenous  matter), 

\  Sugar  of  milk,    .        .        . 


Butter, 

Phosphate  of  lime. 
Other  salts. 


44 

30 
2.30 
2.70 


1000 

The  reader  may  remark  with  some  surprise,  that  in  an 
aliment  so  notoriously  high  in  nutritive  value  as  milk, 
the  proportion  of  nitrogenous  matter  is  so  very  insig- 
mficant  (48  in  1000)  as  to  render  the  hypothesis  of 
nitrogenous  matters  being  pre-eminently  the  nutritive 
loatters  somewhat  perplexing 
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The  fon^ing  analysis  of  milk  aids  onrinves 
hj  proving  the  necessity  of  four  distinct  cl 
principles  in  Food.    These  four  classes  are, — 

1°.  The  Inorganic  priuciplea 

2°.  The  Albnniinons  principles. 

3°.  The  Oils  and  Fata. 

4".  The  Sugars. 
The  proportions  of  these  substances  requisite 
course,  vary  with  the  needs  of  the  various  oq 
as  modified  by  race,  age,  climate,  activity,  uid  i 
but  Nutrition  will  be  imperfect  unless  all  i 
present,  either  ae  such,  or  else  under  condl 
possible  formation — thus  fats  and  sugars  can,  n 
be  formed  in  the  organism  with  a  proper  alloi 
materials ;  and  I  am  Btrongly  disposed  to  th: 
albuminous  substances  can  also  be  formed,  th< 
unless  some  albumen  be  present  to  act  as  a  lea 
We  are  thus,  by  the  principle  of  exclusion, 
to  the  one  method  of  iDTestigation  which  rems 
that  is  to  interrogate  the  organism,  not  the  lal 


must  guide  us  in  the  search.  To  ascertain  w 
stances  are  nutritious,  we  must  ascertain  tJiO! 
really  nourish ;  and  the  relative  value  of  these  < 
be  ascertained  by  extensive  and  elaborate  expi 
on  the  feeding  of  animals,  conducted  on  ri; 
scientific  principles.  In  other  words,  we  mnt 
that  very  method  which  common  sense  has  & 
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immemorial  pursued ;  mth  this  important  difference, 
that  instead  of  allowing  it  to  be,  as  hitherto,  wholly 
empirical,  we  must  subject  it  to  the  rigour,  caution, 
and  precision  which  characterise  Science. 

And  even  when  Science  shall  have  established  laws 

on  this   point,  such  as  may  accurately  express  the 

g<eneral   value  of  each  substance  as  food,  there  will 

always  remain  considerable  difficulty  in  applying  those 

laws,  owing  to  that  peculiarity  of  the  vital  organism, 

previously  noticed — namely,  that  the  differences  among 

individuals  are  so  numerous,  and  often  so  profound,  as 

to  justify  the  adage,  "  one  man's  meat  is  another  man's 

poison.'' 

Thus,  while  experience  plainly  enough  indicates  that, 
in  Europe  at  least,  meat  is  more   nutritious  than 
^Qg^tables,   those  who  eat    largely    of  meat   being 
stronger  and  more  enduring  than  those  who  eat  little 
or  none ;  we  must  be  cautious  in  the  application  of 
such  a  principla    Difference  of  climate  may,  and  dif- 
ference of  temperament  certainly  does,  modify  this 
question.    The  Sepoy,  who  lives  chiefly  on  rice,  would, 
it  is  said,  outrun,  knock  down,  or  in  any  other  way 
prove  superiority  in  strength  over  the  Gaucho  of  the 
Pampas,  who  lives  on  flesh.    And  not  only  are  some 
organisms  ill  adapted  to  a  flesh  diet,  as  we  have  seen  ; 
but  Andersson  says,  that  the  strongest  man  he  ever 
Ww  scarcely  ever  touched  animal  food:  this  was  a 
Dane,  who  could  walk  from  spot  to  spot  carrying  a 
Btone,  which  was  so  heavy  that  it  required  ten  men  to 
lift  it  on  to  his  shoulders ;  his  chief  diet  was  gallons  of 
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thick  sour  milk,  tea,  and  coffee  ;*  a  diet  which  no 
ordinary  man  could  support  with  snccesa 

Haying  discussed  the  chief  topics  relating  to  Food 
in  general,  we  may  now  ascertain  what  Science  can  tell 
us  respecting  the  various  Articles  employed  as  nourish- 
ment by  man.  Our  inquiry  Mis  naturally  under  two 
heads  —  first,  the  Alimentary  Principles,  considered 
separately ;  and  next^  the  Compound  Aliments,  or  those 
articles  of  Food  and  Drink'which  make  up  the  won- 
drous variety  of  human  nourishment 

1.  AUmmeru — This  substance,  feimiliar  to  all  as  the 
white  of  an  egg,  constitutes  an  important  element  in 
Food.  It  exists  as  a  liquid  in  the  blood,  as  a  solid 
in  flesL  When  raw,  or  lightly  boiled,  it  is  readily 
digested ;  less  so  when  boiled  hard,  or  Med.  Majendie 
has  observed  that  the  white  of  eggs  combines  many 
conditions  &vourable  to  digestion,  for  it  is  alkaline, 
contains  saline  matters,  especially  common  salt,  in 
large  proportions,  and  it  is  very  nearly  allied  to  the 
albumen  found  in  the  chyle  and  blood.  It  is  liquid, 
but  is  coagulated  by  the  acids  of  the  stomach,  form- 
ing flocculi  having  slight  cohesion,  and  rendered  easily 
soluble  again  by  the  intestinal  juices. 

Many  people  imagine  that  white  of  egg  is  injurious, 
or  innutritions,  and  they  only  eat  the  yolk  To  some 
this  may  be  so  ;  and  when  experience  proves  it  to  be 
so,  white  of  egg  should  not,  of  course,  be  eaten  ;  but, 
as  a  general  rule,  white  of  egg  is  agreeable   and 

*  AiTDElussoH  :  Laie  Ngami,  p.  58. 
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nntriticifiis.  Nevertheless,  if  given  alone,  neither  white 
of  egg  nor  albnmen  will  continue  to  be  eaten  by 
animalfl  ;  they  soon  cease  to  eat  it,  and,  dnring  the 
period  in  which  it  is  taken,  they  sfiow  tumdstakable 
signs  of  starvation. 

Albumen,  then,  is  highly  nutritions  ;  and  if  we  esti- 
mated the  nutritive  value  of  various  articles  soldy 
aoooiding  to  their  amounts  of  albumen,  we  should 
place  caviare,  ox-liver,  and  sweetbread  at  the  top  of  the 
Ust,  leaving  the  muscle  of  beef  very  far  below  them. 
The  following  table  shows  the  proportions  of  albumen 
in  100  parts  of  various  articles  of  food : — 

Caviare, 31.00 

Ox-liver,     ....  20.19 

Sweetbread,         ....  14J.00 

Muscle  of  pigeon,         .                 .  4.05 

'  „      of  veal,    ....  3.02 

„      of  chicken,        .        .        .  3.00 

„      of  beef,    ....  2.02 

This  table  is  very  instructive,  as  showing  the  vanity  of 
attempting  by  a  chemical  analysis  to  assign  the  nutri- 
ti?e  value  of  any  food.  Beef  is  considered  the  most 
nutritive  of  all  these  articles,  which,  according  to  this 
analysis,  should  be  least  so.  This  discrepancy  is  less- 
ened, but  not  removed,  when  we  take  into  account  the 
quantity  of  fibrine  contained  in  these  articles,  namely — 

Sweetbread, 8 

Veal  (muscle),                  .        .  19 

Chicken  (muscle),     ....  20 

Beef  (muscle),           ....  20 
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2.  Fibrxne  is  liquid  in  the  serum  of  the  blood,  and 
is  very  closely  allied  to  albumen — ^indeed,  for  a  long 
while  was  supposed  to  be  identical  with  it  and  with 
the  fibrine  of  muscle,  which  is  now  more  accurately 
called  muscuUne  (by  Lehmann  synUmirC), 

When  the  blood  is  drawn  from  the  body,  fibrine 
passes  from  the  liquid  to  the  solid  state,  and  coagu- 
lates into  what  is  called  the  dot,  which  is  nothing  but 
solid  fibrine  enclosiug  some  of  the  red  corpuscles.*  It 
was  formerly  supposed  that  this  solidification  was  all 
that  took  place  when  blood-fibrine  passed  into  mns- 
cular  fibre  ;  but  recent  investigations  have  shown  that 
musde-fibrine  is  really  a  different  substance,  allied  to, 
but  not  identical  with,  blood-fibiina 

Albumen  and  fibrine  are  found  abundantly  in  vege- 
tables— the  former  being  most  abundant  in  wheat,  lye, 
barley,  oats,  maize,  and  rice.  Albumen  is  found  abo 
in  the  oily  seeds,  such  as  almonds,  uuts,  &c. ;  ia  the 
juices  of  carrots,  turnips,  cauliflowers,  asparagus,  &&t 
Fibrine  is  also  abundant  in  the  cereals,  grape-juice,  and 
the  juice  of  other  vegetables. 

Although  closely  allied  to  animal  albumen  and 
fibrine,  vegetable  albumen  and  fibrine  are  not  identi- 
cal with  these  substances,  differing  from  them  both  in 
composition  and  properties ;  but  the  differences  are  so 

*  See  the  chapter  on  The  SiRnoiUBE  akd  usbs  of  the  Blood  for 
details  respecting  the  serum,  the  fibrine,  and  the  clot. 

•f*  Albumen  forms  three  compounds — basic,  acid,  and  neutial.  Is 
the  white  of  egg,  and  in  the  serum  of  blood,  it  is  a  basic  albuminate  of 
■oda.    In  certain  diseases  it  is  a  neutnd  albuminate  in  the  blood. 
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alight,  that  y^table  albumen  easily  passes  into  animal 
albumen  in  the  process  of  digestion. 

3.  Caseine  is  another  of  the  albuminous  substances, 
and  may  be  regarded  as  a  modification  of  albmnen, 
into  which  it  readily  passes.  It  forms  the  curdf  or 
coi^ulable  matter  of  milk  Unlike  albumen,  it  does 
not  coagulate  by  heat  If  heated  in  an  open  vessel,  an 
insoluble  pellicle  is  formed  on  the  surface,  as  we  often 
see  in  the  milk-jag  brought  up  with  our  coffee ;  but 
this  effect  is  produced  by  the  action  of  the  oxygen  of 
the  atmosphere. 

The  proportion  of  caseine  in  different  kinds  of  milk 
is  as  follows : — 


Cow's  milk. 
Ewe's  milk. 
Goat's  milk. 
Asses'  milk. 
Human  milk, 


4'.48 
4.50 
4.02 
1.82 
1.52 


It  thus  appears,  we  hope  without  derogation  to  human 
dignity,  that  asses'  milk  is  considerably  more  like  that 
on  which  we  were  suckled,  than  any  other  milk. 
Asses'  milk  may  be  given  to  infants  with  safety ;  but 
goat's  or  cow's  milk  must  be  diluted — as  all  experienced 
nurses  know. 

Caseine  forms  the  chief  ingredient  of  cheese.  It  is 
an  important  element  of  food,  as  we  see  by  its  pre- 
sence in  milk.  "The  young  animal  receives,  in  the 
form  of  caseine,  the  chief  constituent  of  the  mother's 
blood.     To  convert   caseine  into  blood,  no  foreign 
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substance  is  required ;  and  in  the  GonTersion  of  ilie 
mother's  blood  into  caseine,  no  elements  of  ike  oonsd- 
tuents  of  blood  hare  been  separated.  When  chemically 
examined,  caseine  is  found  to  contain  a  much  huger 
proportion  of  the  earth  of  bones  than  blood  does,  and 
that  in  a  very  soluble  form,  capable  of  reaching  eveiy 
part  of  the  body.  Thus,  even  in  the  earliest  period  of 
its  life,  the  development  of  the  organs  in  which  yita- 
lity  resides  is,  in  the  camivorous  animal,  dependent  os 
the  supply  of  a  substance  identical  in  oi^nic  composir 
tion  with  the  chief  constituents  of  its  blood/'* 

Caseine  is  also  found  in  beans,  peas,  lentils,  ahnonds, 
nuts,  and  perhaps  in  all  vegetable  juices. 

These  three  bodies — albumen,  fibrine,  and  caseine— 
from  the  readiness  with  which  they  are  transfoimed 
into  each  other,  are  not  inaptly  designated  ^'  protein- 
bodies,''  even  now  that  Mulder's  idea  of  an  organic 
radical,  named  by  him  "protein,**  has  been  given  up  by 
all  the  leading  chemista 

In  the  egg  we  see  caseine  arise  from  albumen,  and 
in  digestion  caseine  passes  back  again  into  albumen. 

Fibrine,  again,  appears  to  be  only  albumen  with  an 
addition  of  oxygen  ;  and  it  may  be  easily  reconverted 
into  albimien  by  nitrate  of  potash.  It  differs  from 
albumen  in  assuming  something  of  definite  structnra 
when  coagulated:  it  forms  itself  into  delicate  fibres, 
which  albumen  never  does. 

There  are  many  un^q)lained  facts  known  respecting 
^brine,  which,  when  explained,  may  clear  away  other 

•  LiEBia :  Animal  ChenuHry,  p.  52. 
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6h8ciiritie&    Lehmaim  founds  by  experiments  on  him- 
self, that  animal  diet  prodnced  more  fibrine  in  his  blood 
than  was  produced  by  vegetable  diet — ^a  fact  seemingly 
at  yarianoe  with  another  fact,  namely,  that,  during 
starration,  the  quantity  of  fibrine  is  increased,  as  it  is 
also  dming  acute  inflammations.    Thus,  animal  diet, 
known  to  be  nutritious,  produces  one  result  known  to 
be  characteristic  of  inflammation  and  starvation. 

Nor  does  the  difficulty  cease  here :  the  blood  of  the 
v^etable  feeders,  among  animals,  has  more  fibrine  than 
that  of  the  flesh-feeders ;  yet  the  carnivorous  dog  has 
less  fibrine  when  fed  on  vegetable  food,  than  when  his 
diet  has  been  exclusively  animal  Finally,  although 
herbivora  have  more  fibiine  than  camivora,  birds  have 
more  than  both. 

4.  Gluten  is  not  found  in  animals,  but  exists  abun- 
dantly in  vegetables,  and  is  the  most  important  of  all 
the  nitrogenous  substances,  because,  as  we  have  seen, 
it  Lb  capable  of  supporting  life  when  given  alone.     "  It 
is  the  presence  of  gluten  in  wheaten  flour  that  renders 
it  pre-eminently  nutritious ;  and  its  viscidity  or  tenacity 
confers  upon  that  species  of  flour  its  peculiar  excellence 
for  the  manufacture  of  macaroni,  vermicelli,  and  simi- 
lar pastes,  which  are  made  by  a  kind  of  wiredrawing, 
and  for  which  the  wheat  of  the  south  of  Europe  is 
peculiarly  adapted.*** 
The  following  table,  which  is  selected  firom  Dr 

'  BHAVDif  s  Chemistry f  quoted  by  Psbeiba.    On  tiilB  flubject  lee  tko 
cbpter  "The  Brand  we  eat,"  in  JoHNSios'S  Chemittry  of  Comwion' 
Uft. 
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Pereira's  work,  gives  the  proportions  of  gluten  in  IW 
parts  of  various  vegetables : — 

Wheat,  Middlesex  (average  crop),  19.  0 

Spring     .  24.  0 

Thick-skinned  Sicilian,  23.  0 

Polish,      .         .  20.  0 

North  American,  22.  5 

Barley,  Norfolk,  ....  6.  0 

Oats,  Scotland,     ....  8.  7 

Eye,  Yorkshire,    .                 .        .  10.  9 

Bice,  Carolina,     .         .        ,        .  3.60 

„  Piedmont,     .        .                 .  3.60 

Maize, 5.75 

Beans, 10.  3 

Jreas,    ■         .         .                  .         «  Om  o 

Potatoes, 4  0 

Turnips,               .        .        .  0.  1 

Cabbage, 0.  8 

These  four  albuminoid*  substances,  namely  albu* 
men,  fibrine,  caseine,  and  gluten,  are  remarkable  among 
other  things  for  their  extreme  instahUiti/, — the  readi- 
ness with  which  they  are  transformed,  or  decomposed. 
It  is  this  alterability  which  renders  them  peculiarly  apt 
to  act  BafermentSf  and  to  induce  chemical  changes  in  the 
substances  with  which  they  come  in  contact  It  is  on  this 
alterabUity  that  their  great  value  in  nutrition  depends. 

Further,  we  must  remark  that,  no  matter  what  is 
the  form  in  which  they  are  eaten,  whether  as  white  of 
egg,  fibrii^e,  caseine,  or  gluten,  these  substances  are  all 

*  A  tbuminoid  means  having  the  character  of  albumen. 
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reduced  by  the  digestive  process  to  substances  named 
peptones,  under  which  forms  only  are  they  assimil- 
able.* 

5.  Oelatine. — ^There  is  perhaps  no  substance  on  our 
list  which  more  interestingly  illustrates  the  want  of  a 
true  sdentific  doctrine  presiding  over  the  investigations 
into  Food,  than  Gelatine :  a  substance  richer  in  nitro* 
gen  than  any  of  the  albuminoid  substances,  yet  denied 
a  place  among  the  plastic  elements  :  a  substance  which, 
under  the  forms  of  jellies  and  soups,  is  largely  given  to 
convalescents,  who  get  strong  upon  it,  yet  which,  we 
are  emphatically  assured,  has  "  no  nutritive  value  what- 
ever.''   Mulder  says  that  no  physician,  who  has  had 
experience,  could  doubt  the  nutritive  value  of  gelatine ; 
and  we  may  be  pretty  sure  that  common  usage,  in 
sach  cases,  is  founded  upon  some  solid  ground,  and 
that  no  substance  is  largely  used  as  food  which  has 
not  a  nutritive  value. 

Common  usage,  or  what  is  called  "  common  sense,'* 
must  not  indeed  be  the  arbiter  of  a  scientific  question ; 
but  it  has  a  right  to  be  heard  when  it  imequivocally 
contradicts  the  conclusions  of  Science ;  and  it  can  only 
be  put  out  of  court  on  a  dear  exposition  of  the  source 
of  its  error.  In  the  present  case,  the  savans  pretend 
tbat  Gelatine  cannot  be  nutritive,  common  sense  asserts 
that  it  does  nourish ;  and  unless  the  fact  can  be  proved 
Bgainst  common  sense,  it  will  be  reasonable  to  suppose 
tliat  the  savans  are  arguing  on  false  premises.  False, 
indeed,  are  the  premises,  and  false  the  conclusion. 
Bat  let  us  see  what  has  been  the  course  of  inquiry. 

*  See  the  ensolsg  chapter  on  Digestion  and  Iin>iGE8noir. 
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In  1682  the  celebrated  Papin  discovered  that  boneB 
contained  organic  matter ;  and  he  invented  a  method  of 
extraction  of  this  matter,  which  subsequently  occupied 
the  chemists  and  savans,  in  the  early  days  of  the  French 
Bevolution,  with  the  laudable  desire  of  furnishing  food 
to  the  famished  people.  A  pound  of  bones  was  said  to 
yield  as  much  broth  as  six  pounds  of  beef,  and,  with 
the  true  fervour  of  inventors,  the  savans  declared  bone- 
soup  to  be  better  than  meat-soup. 

In  1817,  M.  d'Arcet  applied  steam  on  a  grand  scale 
to  the  preparation  of  this  gelatine  from  bones,  promis- 
ing to  make  four  oxen  yield  the  alimentary  value  of 
five,  as  usually  employed. 

Great  was  the  excitement,  vast  the  preparations. 
In  hospitals  and  poorhouses,  machines  were  erected 
which  made  an  enormous  quantity  of  Gelatina  Un- 
fortunately the  soup  thus  obtained  was  found  to  be  far 
from  nutritious  ;  moreover,  it  occasioned  thirst,  diges- 
tive troubles,  and  finally  diarrhoea.  The  savans  heard 
this  with  great  equanimity.  They  were  not  the  m^ 
to  give  up  a  tiieory  on  tiie  bidding  of  vulgar  experience. 
Diarrhoea  was  doubtiess  distressing,  but  science  was 
not  implicated  in  that.  The  fault  must  lie  in  the  pre- 
paration of  the  soup ;  might  not  the  fault  be  attribut- 
able to  the  soup-eaters  ?  One  thing  only  was  positive 
— that  the  fault  was  not  in  the  Gelatine. 

In  this  high  and  unshaken  confidence,  the  savans 
pursued  their  course.  Thousands  of  rations  were  daily 
distributed ;  but  fortunately  these  rations  were  not 
confined  to  the  bone-soup,  or  else  the  mortality  would 
have  been  terrifia    Few  men  of  science  had  any  doubts 
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Ltil  M.  Donn^  positiyely  assured  the  Academy  that 
iments  on  himself,  and  on  dogs,  proved  Grelatine, 
FthoB  prepared,  to  be  scarcely,  if  at  all,  nntritiona 

He  found  that  employing  a  notable  quantity  in  his 
[own  diet  caused  him  rapidly  to  lose  weight,  and  that 
'during  the  whole  experiment  he  was  tormented  with 
hunger  and  occasional  faintnesa  A  cup  of  chocolate 
and  two  rolls  nourished  him  more  efiSectually  than  two 
litres  and  a  half  of  bone-soup  accompanied  by  80  to 
100  grammes  of  bread* 

These  statements  were  confirmed  by  other  experi- 
menters ;  and  the  confidence  in  Qelatine  was  rudely 
shaken,  and  would  have  been  ignominiously  overthrown, 
had  not  Edwards  and  Bakac  published  their  remarkable 
memoir  (1833),  in  which  experiments  conducted  with 
great  care  and  scientific  rigour  established  the  fiict  that 
although  Qelatine  is  maufficient  to  support  life,  it  has 
nevertheless  nutritive  value.    Dogs  fed  on  gelatine  and 
bread  became  gradually  thinner  and  feebler ;  but  when 
fed  on  the  same  amount  of  bread  alone,  their  loss  was 
&r  more  rapid 

At  this  period  it  became  necessary  to  have  the  ques- 
tion definitively  settled,  and  the  French  Academy  ap- 
pointed a  Commission  to  report  on  it  This  is  the 
celebrated  "Grdatine  Commission"  so  often  referred 
to.  The  report  appeared  in  1841.  It  showed  that 
dogs  perished  from  starvation  in  presence  of  the  Gelar 
tine  extracted  from  bones,  after  having  eaten  of  it  only 
a  few  times.    When,  instead  of  this  insipid  Gelatine, 

*  A  litre  is  a  trifle  more  than  a  pint  and  a  half;  a  gramiM  is  about 
ISiflrndos. 
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the  agreeable  jeJly  which  pork-butchers  prepare  from  • 
decoction  of  different  parts  of  the  pig  was  giyen  them, 
they  ate  it  with  relish  at  first,  then  ceased  to  eat  it,  and 
died  on  the  twentieth  day,  of  inanition ;  when  bread, 
or  meat,  in  small  quantities,  was  given,  the  dogs  lived 
a  longer  time,  but  grew  gradually  thinner,  and  all 
finally  perished.  A  striking  difference  was  observed 
between  bone-soup  and  meat-soup :  the  animals  starved 
on  the  first,  and  flourished  on  the  second. 

The  conclusion  generally  drawn  from  this  Report 
is,  that  Gelatine  is  not  a  nutritive  substance.  But  all 
that  is  really  proved  by  the  experiments  is  that  Gela- 
tine cUone  is  insufficient  for  nutrition ;  a  conclusion 
which  is  equally  true  of  albumen,  fibrine,  or  any  other 
single  substance.  For  perfect  nutrition  there  must  be 
a  mixture  of  inorganic  and  organic  substances :  salts, 
fats,  sugars,  and  albimunates. 

When  animals  are  fed  on  albumen  alone,  or  white 
of  egg  alone,  with  water  as  the  single  inorganic  element^ 
they  perish ;  but  they  live  perfectly  well  on  raw  bones 
and  water — the  reason  being  that  bones  contain  salts 
and  small  proportions  of  albumen  and  fats,  to  supple- 
ment the  Gelatine,  and  they  contain  tfieae  in  the  stale 
of  organic  combination,  not  in  the  state  of  chemical 
products. 

The  paramount  importance  of  this  last  condition 
may  be  gathered  fix>m  the  experiments  mentioned  in 
the  Gelatine  Heport — namely,  that  boiling  the  bones,  or 
digesting  them  in  hydrochloric  acid,  and  thus  resolv- 
ing their  cartilaginous  tissue  into  Gelatine,  destroyed 
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this  nutritive  quality.  The  very  bones  which,  when 
raw,  supported  life,  failed  utterly  when  boiled.  This 
seems  to  show  that  Gelatine  is  so  altered  by  heat  as 
to  lose  its  power  of  fermenting,  and  so  passing  through 
the  transformation  necessary  to  assimilation. 

Attention  is  called  to  the  fact  of  the  very  small  pro- 
portions of  Albumen  which  exist  in  the  bones,  as  strik-^ 
ingly  confirming  my  hypothesis  respecting  the  power 
of  the  organism  to  form  Albumen  for  itself,  if  a 
small  amount  be  present  to  act  as  a  sort  of  leaven. 
Moleschott  also  maintains,  on  other  grounds,   that 
Gelatine  must  be  converted  into  Albumen,  since  the 
amount  of  Albumen  in  bones  is  in  itself  utterly  insuf- 
ficient for  the  demands  of  the  tissues ;  *  and  Mulder 
points  to  the  fact  that,  when  an  animal  is  fed  on  Gela- 
tine, we  never  find  this  substance  passing  away  in  the 
excreta :  a  sufficient  proof  that  it  must  in  some  way 
have  been  incorporated  with  the  organism,  or  decom- 
posed in  it,  to  subserve  the  purposes  of  nutrition,  f 

Physiologists  who  admit  some  nutritive  quality  in 
Gelatine,  have  suggested  that  it  is  confined  to  the  forma- 
tion of  the  gelatinous  tissuea  This  is  one  of  those  hy- 
potheses which  seduce  by  their  plausibility ;  and  accord- 
ingly it  has  been  frequently  adopted,  although  physio- 
logical scrutiny  detects  that  this  is  precisely  one  of  the 
uses  to  which  Gelatine  can  not  be  turned.  For  on  the  one 
band  we  see  that  the  herbivora  have  gelatinous  tissues, 
although  they  eat  no  Gelatine  ;  and,  on  the  other  hand, 

*  Moleschott,  Kreislavf  de»  Lebent,  p.  185. 
t  Mulder,  Phgtiol,  Chemie,.  p.  937. 
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we  see  that  even  the  camiyora,  who  do  obtain  it  in  iheir 
ordinary  food,  cannot  form  their  gelatinous  tissues  out 
of  it,  because  Gelatine  is  never  found  in  their  blood, 
from  which  all  their  tissues  are  formed. 

Bernard  has  shown  that  part  of  the  Gelatine  is  oon- 
yerted  into  sugar ;  and  sugar,  we  know,  is  necessuy 
to  the  organism.  It  may  also  be  converted  into  fat ; 
and,  as  has  been  sidd,  there  is  much  evidence  to  show 
that  it  may  be  converted  into  Albumen,  among  the 
complex  processes  of  vital  chemistry ;  but  whatera 
may  be  the  decision  respecting  this  point,  there  can  be 
no  legitimate  reason  for  denying  that  Gelatine  ranb 
among  nutritive  principles. 

6.  Fats  and  Otis. — These  are  various  and  important, 
including  suet,  lard,  marrow,  butter,  and  fixed  oik 
Vegetables  also  yield  a  great  variety  of  oils,  fixed,  and 
volatile  or  essential  The  quantity  procurable  from 
100  parts  of  vegetable  and  animal  substances  is  as 
follows : — 


Olive  seeds, 

54 

Cocoa-nut,  . 

I        « 

47 

Almonds,    . 

46 

'  White  mustard,  . 

36 

linseed, 

1 

22 

Maize, 

9 

Yolk  of  Eggs, 

2a76 

Ordinary  meat, 

,        , 

14.  S 

Caviare, 

4.  3 

Ox-liver, 

»        i 

3.89 

^^^ 

■ 
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Milk,  Cows',        .        .        .        . 

ai3                    . 

„     Women's,  .        .        .        . 

3.55 

Milk,  Asses', 

0.11 

„    Goats',       .        .        .        . 

a32 

„    Ewes',        .        .        .       . 

4.20 

Bones  of  sheep's  feet,  . 

5.56 

„     ofox-hea<L 

11.54» 

Fats  and  oils  are  all  difficult  of  digestion — ^more  so, 
indeed,  than  most  other  principles ;  but  the  degree  in 
which  they  are  digestible  is  very  much  a  matter  of 
indlYidnal  peculiarity,  some  men  digesting  large  quan- 
tities with  ease,  others  being  unable  to  digest  even 
small  quantities. 

M.  Berths  instituted  an  elaborate  series  of  experi- 
ments on  his  own  person,  with  the  view  of  ascertaining 
the  comparative  digestibility  of  various  fats  and  oils,  f 
The  following  classification  of  his  results  is  all  we  can 
find  space  for. 

First  dass,  comprising  those  difficult  of  digestion : 
Olive  ofl,  almond  oil,  poppy-seed  oil 

Second  class,  comprising  those  easy  of  digestion : 
Whale  oil,  butter  and  animal  fats,  colourless  liver-oiL 

Third  dass,  comprising  those  very  easy  of  digestion : 
Pttre  liver-oil. 

It  should  be  remembered  that  great  differences  are 
observable  according  to  the  state  in  which  oils  are 
eaten.     If  taken  by  themselves,    they  are  scarcely 

*  Pebeira  :  TrMtite  on  Diet,  p.  167. 

t  Berths  :  MoniUwr  dtt  HOpitaux,  1856,  No.  69.  Cannstatt  : 
J^uberidU  1856,  p.  69-72. 
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affected  by  the  digestive  process,  and  act  as  laxatives ; 
but  if  taken  mingled  with  other  substances,  they  may 
be  reduced  to  an  emulsion,  and  so  absorbed 

Thus  we  eat  olive  oil  with  salad,  or  butter  with 
bread,  and  the  greater  part  is  absorbed ;  but  the  same 
amount  of  olive  oil  administered  alone  would  act  as  a 
purga  It  is  owing,  moreover,  to  the  minute  state  of 
subdivision  and  mixture  of  the  oils  in  all  vegetable 
substances  that  they  are  so  much  more  digestible  than 
animal  fats. 

Dr  Pereira  quotes  the  statement  of  Dr  Beaumont; 
that  "bile  is  seldom  found  in  the  stomach,  except 
under  peculiar  circumstancea  I  have  observed  that 
when  the  use  of  fat  or  oily  food  has  been  persevered  in 
for  sometime,  there  is  generally  a  presence  of  bile  in 
the  gastric  fluids/'  Upon  which  Dr  Pereira  remaiia 
that  the  popular  notion  of  oily  or  fatty  foods  "  causing 
bile"  is  not  so  groundless  as  medical  men  have  gen- 
erally supposed.  The  reason  of  &t  being  indigestible 
is  thus  suggested:  ''In  many  dyspeptic  individuals, 
fat  does  not  become  properly  chymiiied.  It  floats  on 
the  contents  of  the  stomach  in  the  form  of  an  oily 
pellicle,  becoming  odorous,  and  sometimes  highly 
rancid,  and  in  this  state  excites  heartburn,  nausea,  and 
eructations,  or  at  times  actual  vomiting.  It  appears 
to  me  that  the  greater  tendency  which  some  oily  sub- 
stances have  than  others  to  disturb  the  stomach,  de- 
pends on  the  greater  facility  with  which  they  evolve 
volatile  fatty  acids,  which  are  for  the  most  part  exceed- 
ingly acrid  and  irritating.   The  unpleasant  and  distress- 
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ing  feelings  excited  in  many  dyspeptics  by  the  inges- 
tion of  mntton>fat,  butter,  and  fish-oils,  are  in  this  way 
readily  accounted  for,  since  all  these  substances  contain 
each  one  or  more  volatile  acids  to  which  they  owe  their 
odonr.  Thus  mutton-fat  contains  hircic  acid ;  butter, 
no  less  than  three  volatile  acids — viz.  butyric,  capric, 
and  caproic  acids;  while  train-oil  contains  phocenic 
add."* 

The  effect  of  a  high  temperature  on  fat  is  to  render 
it  still  more  unsuitable  to  the  stomach;  and  all  persons 
troubled  with  an  awful  consciousness  of  what  Digestion 
ifl^  and  not  living  in  that  happy  eupeptic  ignorance 
which  only  knows  Digestion  as  a  name,  should  avoid 
food  in  the  cooking  of  which  much  fat  or  oil  has  been 
inibjected  to  a  high  temperature — as  in  frying  in  butter 
or  laid.    Melted  butter,  buttered  toast,  pastry,  suet- 
puddings,  fat  hashes  and  stews,  are  afflictions  to  the 
dyspeptic ;  and  although  the  oil  which  is  eaten  with 
salad  does  not  assist  the  digestion  of  the  salad,  as  many 
writers  and  most  salad-eaters  maintain,  it  is  assuredly 
far  more  digestible  than  any  fat  or  oil  which  has  been 
cooked,  probably  because  it  contains  no  free  volatile 
add 

Beddes  the  fats  void  fixed  oils,  there  are  certain  vol- 
atile (essential)  oils  employed  as  condiments.  These 
are  contained  in  the  leaves  and  seeds  of  sage,  mint, 
thyme,  marjoram,  fennel,  parsley,  anise,  and  caraway ; 
to  which  may  be  added,  mustard,  horse-radish,  water- 
cress, onions,  leeks,  and  various  spicea    The  vola- 

*  Perbiba,  p.  171. 
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tile  oil  contained  in  each  of  these  substances  stunu- 
lates  but  does  not  incorporate  itself  with  the  oigan- 
ism,  and  is  soon  ejected,  retaining  its  characteristic 
odour. 

7.  Starch,  —  The  gentle  housewife,  familiar  with 
starch  only  in  its  relations  to  the  wash-tub,  will  bepnh 
bably  surprised  at  meeting  with  it  among  articles  of 
food  ;  yet  under  the  various  names  of  amylum,  fecula^ 
farinaceous  matter,  and  starch,  this  substance,  inddely 
distributed  over  the  vegetable  kingdom,  ranks  as  an 
important  alimentary  principle.  It  must,  however,  be 
cooked  before  it  can  be  eaten.  It  is  never  found  in  the 
blood,  nor  in  the  tissues,  so  that  we  are  certain  it  is 
transformed  during  the  digestive  process  ;  and  some  of 
these  transformations  have  been  detected :  first,  as  it 
passes  into  dextrine,  and  thence  into  sugar,  and  most 
probably  fat. 

The  various  starchy  substances  —  sago,  tapioca^ 
arrowroot,  and  tous  les  mois,  have  been  so  amply 
treated  of  by  Professor  Johnston  in  his  admirahle 
Chemistry  of  Common  Life,  that  our  readers  need 
only  be  directed  to  his  pages. 

8.  Sugar. — Sugar  exists  abundantly  in  vegetables, 
and  in  some  animal  substances,  notably  milk  and  liver. 
Dr  Pereira  has  compiled  the  following  table,  which  ex- 
hibits the  proportion  of  sugar  in  100  parts  : — 

Barley-meal,  ,        .        .        .  5.21 

Oatmeal, 8.25 

Wheat-flour,  ....  8.48 

Wheat-bread,         .        .        .        .  3.  6 
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Bye-meal,     . 

3.28 

Maize,  . 

1.45 

Bice,     . 

0.29 

Pease,  . 

2.  0 

Figs,     . 

62.  5 

Greengages,  . 

11.61 

Fresh  ripe  pears, 

6.45 

Gooseberries, 

6.24 

Olierries, 

18.12 

Apricot^ 

11.61 

Peacb,  . 

16.48 

Beet-root, 

9.  0 

That  sugar  is  nntriiious  no  one  doubts.  Altihough 
eafflly  digested,  there  are  persons  with  whom  it  dis- 
agrees, and  in  some  dyspeptics  it  produces  flatulency 
and  acidity.  There  is  no  tissue  into  the  composition 
of  Y^hich  it  enters  as  a  constituent,  unle^  we  make  an 
exception  in  favour  of  muscle,  in  which  Scherer  has 
discovered  a  substance,  by  him  named  inosite,  having 
the  chemical  composition  of  sugar  (C"  HJ*  0^*),  but  :f/  ^  V 
having  none  of  its  characteristic  properties,  and  exist-  ^  >  i 
ing,  moreover,  in  extremely  minute  quantities. 

The  sugar  we  find  in  the  blood  and  milk  is  not 
deriyed  from  the  sugar  we  eat ;  that  is  transformed 
into  &t,  lactic  acid,  and  other  substances.  The  sugar 
of  the  blood  is  formed  partly  from  the  starchy  sub- 
stances of  our  food  during  the  process  of  digestion  ;  the 
rest  is  formed  6y  the  liver,  and  is  formed  ^rom  albu- 
minons  substances  in  their  passage  through  the  liver ; 
the  quantity  being  wholly  independent  of  any  amount 
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of  sugar  taken  in  the  food,  and  being  the  same  in 
amount  when  Tione  is  taken  in  the  food.* 

Because  sugar  forms  part  of  no  tissue,  and  is  a  carbo- 
hydrate, it  is  classed  by  Liebig's  school  among  heat- 
making  foods.  But  we  not  only  saw  ample  reason  for 
rejecting  such  an  idea  when  we  considered  the  genenl 
question — ^we  must  even  more  peremptorily  reject  it, now 
that  we  come  to  grapple  with  the  details.  Against  the 
supposition  of  sugar  having  no  plastic  property,  it  is 
enough  to  oppose  the  fact  that  many  insects  feed 
solely  on  sugar  and  saccharine  juices ;  and  in  them, 
therefore,  it  is  clear  that  something  more  than  heat  is 
evolved  from  sugar.  Lehmann  also  bids  us  remember 
that  in  the  egg  a  small  quantity  of  sugar  exists,  and 
this  quantity  increases,  instead  of  diminishing,  as  the 
development  of  the  chick  proceeds ;  whereas,  if  sugar 
only  served  for  purposes  of  oxidation,  it  would  be 
oxidised  and  disappear  as  development  advanced. 

In  the  Chemistry  of  Common  Life,  the  subject  of 
sugar  is  treated  in  detail,  which  renders  repetition  here 
superfluous.  Two  questions  only  need  be  touched  os, 
Is  sugar  injurious  to  the  teeth  ?  Is  it  injurious  to  the 
stomach  ? 

•  Claude  Bernard's  discovery  of  this  sugar-formiDg  ftmction  of 
the  liver  has  been  attacked  hy  Figuier,  Lonost,  and  others  ;  but  the 
discussioxi,  afler  exciting  considerable  sensation,  may  now  be  said  to 
be  finally  closed  in  Bernard's  &vour.  See  his  masterly  Leprnf  de 
Phy$iol,  ExpirimentaU,  1854-5 ;  and  the  AUmoirea  on  both  sides  in  the 
Annalei  det  Scieneea  Naturelles,  1854-6  ;  and  the  Report  of  the  Com* 
misrion  appointed  by  the  Acad^mie  de  Medicine,  reprinted  in 
BaowK  Sequabd'8  Journal  de  la  Phytiologie^  i.  549. 
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To  answer  the  first,  we  have  only  to  point  to  the 
Negroes,  who  eat  more  sugar  than  any  other  human 
beings,  and  whose  teeth  are  of  enviable  splendour  and 
strength. 

To  answer  the  second  is  not  so  easy  ;  yet,  when  we 
learn  the  many  important  offices  which  sugar  fulfils  in 
the  oi^nism,  we  may  be  certain  that,  if  injurious  at 
all,  it  is  only  so  in  excess.    The  lactic  acid  formed  from 
sugar  dissolves  phosphate  of  lime,  and  this,  as  we 
know,  is  the  principal  ingredient  of  bones  and  teeth. 
By  its  dissolution  it  becomes  accessible  to  the  bones 
and  teeth  ;  and  as  sugar  effects  this,  its  utility  is  vindi- 
cated.   But  a  surer  argument  is  founded  on  the  instinct 
of  mankind.    If  we  all  so  eagerly  eat  sugar,  it  is  because 
there  is  a  natural  relation  between  it  and  our  organism. 
Timid  parents  may  therefore  check  their  alarm  at 
the  sight  of  juvenile  forays  on  the  sugar-basin  when 
liot  excessive ;  may  cease  to  vex  children  by  forbid- 
ding moderate  commercial  transactions  with  the  lolly* 
pop  merchant,  and  cease  to  frustrate  their  desires  for 
barley-sugar  by  the  never-appreciated  pretext,  that  the 
inteidict  is  "for  their  good'' 

9.  Alcohol — ^If  it  astonished  the  reader  to  see  water 
and  salts  classed  as  alimentary  principles,  if  it  puzzled 
the  housewife  to  see  starch  placed  on  the  same  list,  it 
^  we  fear  exasperate  the  members  of  Temperance 
Societies  to  see  alcohol  elevated  to  that  rank.  They 
*re  accustomed  to  call  alcohol  a  poison,  to  preach 
^^gamst  it  as  poisonous  in  large  doses  or  snoall,  con- 
centrated or   diluted.      Nevertheless,  in  compliance 
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with  the  dictates  of  Physiology,  and,  let  me  add,  in 
compliance  also  with  the  custom  of  physiologists, 
we  are  forced  to  call  alcohol  food,  aad  yeiy  effidem 
food  too.  If  it  be  not  food,  then  neither  is  sugar 
food,  nor  starch,  nor  any  of  those  manifold  substances 
employed  by  man  which  do  not  enter  into  the  compofii^ 
tion  of  his  tissues.  That  it  produces  poisonous  effects 
when  concentrated  and  taken  in  large  doses,  is  per- 
fectly true ;  but  that  similar  effects  follow  when  diluUdf 
and  taken  in  small  doses,  is  manifestly  false,  as  proved 
by  daily  experience. 

Erery  person  practically  acquainted  with  the  subject 
knows  that  concentrated  alcohol  has,  among  other  effects^ 
that  of  depriving  the  mucus  membraae  of  the  stomach 
of  all  its  water — i,  e,  of  hardening  it^  and  destroying 
its  powers  of  secretion ;  whereas  diluted  alcohol  does 
nothing  of  the  kind,  but  increases  the  secretion  by  the 
stimulus  it  gives  to  the  circulation.  The  alcohol  i^ 
always  much  diluted  which  is  taken  in  wines  or  spirits. 

An  instructive  illustration  of  the  difference  between 
a  concentrated  and  diluted  dose  is  seen  in  Bardeleben's 
experiment  on  doga  He  found  that  forty-five  grains 
of  common  salt,  introduced  at  once  into  the  stomach 
through  an  opening,  occasioned  a  secretion  of  mucus, 
followed  by  vomitings;  whereas  five  times  that  amount 
of  salt  in  solution  produced  neither  of  these  effects. 
The  explanation  is  simple,  and  will  be  understood  by 
any  one  who  has  seen  the  salt,  which  was  sprinkled 
over  a  round  of  beef,  converted  into  brine,  owing  to  the 
attraction  exercised  by  the  salt  on  the  water  in  the 


I  TEETOTALISM.  143 

b 

I  beef :  this  attraction  ia  ii^calctdably  smaller  when  the 
!  salt  is  in  solution,  and  the  salt  is  ah:eady  saturated 
I  We  might  multiply  examples  of  the  differences  which 
I  result  from  the  use  of  concentnUed  and  diluted  agents, 
;  or  from  differences  in  the  quantities  employed ;  as  when 
j  a  certain  amount  of  acid  assists  digestion,  but,  if  in- 
creased, arrests  it  But  the  demonstration  of  such  a 
poailion  is  unnecessary,  since  no  well-informed  phy- 
siologist will  deny  it  The  fallacy  of  concluding  that 
wbateyer  is  true  of  a  large  quantity  of  concentrated 
alcohol  is  equally  true,  in  a  proportionate  degree,  of  a 
small  quantity  of  diluted  alcohol,  lies  indeed  at  the  basis 
of  the  Total  Abstinence  doctrina  But  we  need  scarcely 
tell  the  student  that  the  difference  of  effect  is  absolute : 
a  difference  in  kind,  and  not  simply  in  degree. 

Another  fallacy  in  the  Teetotal  argument,  and  one 
constantly  invoked,  is  this:  You  must  abstain  alto- 
gether from  alcoholic  drinks,  since,  unless  you  abstain, 
you  are  certain  to  end  in  excess.  Moderation  neces- 
sarily becomes  excess,  because  the  frame  gets  habitu- 
ated to  stimulants ;  and  thus,  to  produce  the  original 
effect,  you  must  gradually  increase  the  dose  :  accord- 
ing to  Dr  Carpenter,  that  which  was  "  at  first  suffi- 
Ident  to  whet  the  appetite  and  increase  the  digestive 
power,  being  no  longer  found  adequate/' 

I  have  elsewhere*  answered  this,  as  well  as  the 
other  fallades  of  Teetotalism,  and  will  venture  to  re- 

•  Westtninder  Review,  New  Series,  vol.  riii.  Art,  The  Phytiologi- 
tcU  Emrt  of  Teetotalitm.  Compare,  also.  Chambers  :  Digeetion  and 
^Derangemenit,  p.  526-29,  where  some  of  the  aiicrunaents  are  restated. 
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peat  a  few  sentences  here :  ''  He  who  drinks  iril 
drink  again,  and  Moderation,  we  know,  oils  the  hinges 
of  the  gate  leading  to  Excess.  Nobody  doubts  the 
danger.  The  only  absolute  preservatiye  against  tak- 
ing too  much,  is  to  take  none.  But  to  suppose  there 
is  any  necessary  connection  between  moderation  and 
excess,  is  to  ignore  physiology,  and  fly  in  the  face  of 
evidence.  ....  Men  take  their  pint  of  beer,  or 
pint  of  wine  daily,  for  a  series  of  years.  This  dose 
daily  produces  its  effect ;  and  if  at  any  time  thirst  or 
social  seduction  makes  them  drink  a  quart  in  lieu  of  < 
pint,  they  are  at  once  made  aware  of  the  excess.  Mai 
drink  one  or  two  cups  of  tea  or  coffee  at  breakfast  with 
unvarying  regularity,  for  a  whole  lifetime ;  but  who 
ever  felt  the  necessity  of  gradually  increasing  the 
amount  to  three,  four,  or  five  cups?  Yet  we  know 
what  a  stimulant  tea  is;  we  know  that  treble  the 
amount  of  our  daily  consumption  would  soon  produce 
paralysis — why  are  we  not  irresistibly  led  to  this  fatal 
excess  ?  Every  time  fresh  oil  is  poured  on  fresh  bnm- 
ing  coal,  the  same  phenomenon  presents  itself ;  every 
time  an  eel  is  skinned,  he  wriggles  with  ancestral 
vigour,  and  will  not  become  'used  to  it'  In  like 
manner,  every  time  a  fresh  stimulus  is  applied  to  fresh 
nerve  tissue,  the  original  effect  ensues.  For  we  must 
not  forget  this :  the  tissue  burnt  to-day  is  not  the 
tissue  that  was  burnt  yesterday ;  the  nerve  particles 
stimulated  by  alcohol  to-day  will  not  be  living  to- 
morrow, when  fresh  stimulus  is  applied.  Change — ^in- 
cessant change,  is  the  law  of  our  being.     Fresh  food 
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tenews  fresh  tissue  for  fresh  stimulants  to  act  upon. 
The  basket  is  always  wriggling  with  eels ;  but  the  eels 
are  strangers,  and  can't  get  used  to  skinning/' 

On  the  other  hand,  it  is  needless  to  dwell  on  the 
dangers  which  unhappily  surround  the  use  of  aloohoL 
Terrible  is  the  power  of  this  "tricksy  spirit;"  and 
when  acting  in  conjunction  with  ignorance  and  sensu- 
ality, its  effects  are  appalling.     So  serious  an  influence 
I    does  it  exercise  on  human  welfare,  that  we  may  readily 
I    extenuate  the  too  frequent  exaggerations  of  those  zealous 
i    men  who  have  engaged  in  a  league  for  its  total  sup- 
pression.    So  glaring  are  the  evils  of  intemperance, 
that  we  must  always  respect  the  motives  of  Temper- 
ttuce  Societies,  even  when  we  most  regret  their  exag- 
I     gerationa    They  are  fighting  against  a  hideous  vice,  and 
I     we  must  the  more  regret  when  zeal  for  the  cause  leads 
[     them,  as  it  generaUy  leads  partisans,  to  make  sweeping 
charges,  which  common  sense  is  forced  to  reject.     All 
honour  for  the  brave  and  sincere ;  all  scorn  for  the 
noisy  shallow  quacks  who  make  a  trade  of  the  cause  ! 

No  real  gain  can  be  achieved  by  any  cause  when  it 
dudes  or  perverts  the  truth ;  and  whatever  temporary 
effect,  in  speeches  or  writings,  may  arise  from  the 
iteration  of  the  statement  that  alcohol  is  poison — a 
poison  in  small  quantities,  as  in  large — always  and 
everywhere  poisonous — the  cause  must  permanently 
lose  ground,  because  daily  experience  repudiates  such 
a  statement  as  manifestly  false.  Alcohol  replaces  a 
given  amount  of  ordinary  food.  liebig  tells  us  that, 
in  Temperance  families  where  beer  was  withheld  and 
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money  given  in  compensation,  it  was  soon  found  tbai 
the  monthly  consumption  of  bread  was  so  striking 
increased,  that  the  beer  was  twice  paid  for,  once  in 
money,  and  a  second  time  in  bread.  He  also  reports 
the  experience  of  the  landlord  of  the  Hdtel  de  Bnsae^ 
at  Frankfort,  during  the  Peace  Congress:  the  memben 
of  this  Congress  were  mostly  teetotallers,  and  a  regular 
deficiency  was  observed  every  day  in  certain  dishes^ 
especially  farinaceous  dishes,  puddings,  &c.  So  un- 
heard-of a  deficiency,  in  an  establishment  where*  for 
years  the  amount  of  dishes  for  a  given  number  of  per- 
sons had  so  well  been  known,  excited  the  landlord's 
astonishment  It  was  found  that  men  made  up  in 
pudding  what  they  neglected  in  wina  Eveiy  one 
knows  how  little  the  drunkard  eats :  to  him  alcohol 
replaces  a  given  amoimt  of  food. 

The  general  opinion  among  physiologists  is,  that 
alcohol  is  only  heat-producing  food,  and  that  it  there- 
by saves  the  consumption  of  tissue.  Moleschott  says 
that,  although  forming  none  of  the  constituents  of 
blood,  alcohol  limits  the  combustion  of  those  consti- 
tuents, and  in  this  way  is  equivalent  to  so  much  blood. 
"  He  who  has  little  can  give  but  little,  if  he  wish  to 
retain  as  much  as  one  who  is  prodigal  of  his  wealth. 
Alcohol  is  the  savings'  bank  of  the  tissues.  He  who 
eats  little,  and  drinks  alcohol  in  moderation,  retains  as 
much  in  his  blood  and  tissues  as  he  who  eats  more,  and 
drinks  no  alcohol***    But  the  physiological  action  of 

*  Moleschott  :  Lehre  der  NahmngtmitUl,  p.  162. 
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alcohol  is  still  unexplained  ;  we  know  that  it  does  sus- 
tain and  increase  the  force  of  the  body  ;  we  know  that 
it  supplies  the  place  of  a  certain  quantity  of  food ;  but 
r  how  it  does  this  we  do  not  know.  It  is  said  to  be 
)  "bumf  in  the  body,  and  to  make  its  exit  as  carbonic 
i  add  and  water ;  but  no  proof  has  yet  been  offered  of 
this  assertion.  Some  of  it  escapes  in  the  breath,  and 
in  certain  of  the  secretions  ;  but  how  much  escapes  in 
this  way,  and  what  becomes  of  the  rest,  if  any,  is  at 
present  a  mystery. 

10.  Iran. — ^We  are  passing  from  surprise  to  surprise 
as  we  in  turn  arrive  at  substances  undoubtedly  claiming 
rank  among  alimentaiy  principles,  which  nevertheless,  in 
the  ordinary  conceptions  of  men,  are  the  very  opposites 
of  Food    After  water,  phosphates,  starch,  and  alcohol, 
are  we  now  to  celebrate  the  nutritive  qualities  of  iron  ? 
Even  so.    That  metal  circulates  in  our  blood,  forming 
indeed  an  essential  element  of  the  blood-discs— existing 
iu  all  pigments — ^in  the  bile — in  various  other  places — 
notably  in  the  hau*,  where  it  ha  abundant  in  propor- 
tion to  the  darkness  of  the  colour. 

The  quantity  of  iron  in  the  blood  is  but  small ; 
vaiyjng  in  different  individuals,  and  different  states  of 
the  same  individual ;  those  who  are  of  what  is  called 
the  sangoine  temi>erament  have  more  than  those  of 
the  lymphatic  temperament ;  those  who  are  weU-fed 
have  more  than  those  who  are  ill-fed.  It  is  in  almost 
all  our  animal  and  vegetable  food,  so  that  we  do  not 
habitually  need  to  seek  it ;  but  the  physician  often  has 
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to  prescribe  it,  either  in  the  form  of  "  steel-wine/'  or  in 
that  of  chalybeate  craters.* 

11.  Phosphorus  and  Sulphwr  are  also  indispensable, 
but  they  are  received  with  onr  food. 

12.  Acids  are  received  with  v^etable  food;  but 
they  are  also  taken  separately,  especially  the  acetic 
acid,  or  vinegar,  which,  according  to  Front,  has  either 
by  accident  or  design  been  employed  by  mankind  in 
all  ages — that  is  to  say,  substances  naturally  containing 
it  have  been  employed  as  aliments,  or  it  has  been 
formed  artificially. 

It  is  owing  to  their  acids  that  finits  and  vegetables 
are  necessary  to  man,  although  not  necessary  to  the 
camivora.  Dr  Budd  justly  points  to  the  prolonged 
abstinence  from  succulent  vegetables  and  fruits  as  the 
cause  of  the  scurvy  among  sailors.  Lemon-juice  is 
now  always  given  to  sailors  with  their  food ;  it  pro- 
tects them  from  scusnTy,  which  no  amount  of  vinegar  is 
sufficient  to  effect. 

We  make  cooling  drinks  with  vegetable  acids ;  and 
our  salads  and  greens  demand  vinegar,  as  our  cold 
meat  demands  pickles.  Taken  in  moderation,  there  is 
no  doubt  that  vinegar  is  beneficial,  but  in  excess  it 
impairs  the  digestive  organs ;  and,  as  we  remarked  a 
little  while  ago,  experiments  on  artificial  digestion 
show  that  if  the  quantity  of  add  be  diminished,  diges- 
tion is  retarded ;  if  increased  beyond  a  certain  point, 
digestion  is  arrested 

*  ''  It  ifl  quite  certain  that  if  iron  be  excluded  from  food,  oiiganio 
Ufe  cannot  be  supported." — Liebio. 
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There  is  reason,  therefore,  in  the  vulgar  notion, 
unhappily  too  fondly  relied  on,  that  vinegar  helps  to 
keep  down  an  alarming  adiposity,  and  that  ladies  who 
dread  the  disappearance  of  their  graceful  outline  in 
curves  of  plumpness  expanding  into  ''fat,''  may  arrest 
so  dreadful  a  result  by  liberal  potations  of  vinegar ; 
but  they  can  only  so  arrest  it  at  the  far  more  dread- 
ful expense  of  tlieir  health.  The  amount  of  add  which 
will  keep  them  thin,  will  destroy  their  digestive  powers. 

Portal  gives  a  case  which  should  be  a  warning  :  "  A 
few  years  ago  a  young  lady  in  easy  circumstances 
enjoyed  good  health  ;  she  was  very  plump,  had  a  good 
appetite,  and  a  complexion  blooming  with  rosea  and 
lilies.  She  began  to  look  upon  her  plumpness  with 
suspicion  ;  for  her  mother  was  very  fat,  and  she  was 
a&aid  of  becoming  like  her.  Accordingly,  she  con- 
sulted a  woman,  who  advised  her  to  drink  a  glass  of 
vinegar  daily :  the  young  lady  followed  her  advice,  and 
her  plumpness  diminished.  She  was  delighted  with  the 
success  of  the  experiment,  and  continued  it  for  more 
than  a  montL  She  began  to  have  a  cough ;  but  it  was 
dry  at  its  commencement,  and  was  considered  as  a 
slight  cold,  which  would  go  olOF.  Meantime,  from  dry 
it  became  moist ;  a  slow  fever  came  on,  and  a  difBculty 
of  breathing ;  her  body  became  lean,  and  wasted  away  ; 
night-sweats,  swelling  of  the  feet  and  of  the  legs  suc- 
ceeded, and  a  diarrhoea  terminated  her  life." 

Therefore,  young  ladies,  be  boldly  fat !  never  pine 
for  graceful  sllmness  and  romantic  palor ;  but  if  Nature 
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'means  you  to  be  ruddy  and  rotund,  accept  it  with  a 
laughing  grace,  which  will  captivate  more  hearts  than 
all  the  paleness  of  a  Circulating  Library.  At  any  rate, 
understand  this,  that  if  vinegar  will  diminish  the  fat, 
it  can  only  do  so  by  affecting  your  health. 

We  have  thus  touched  upon  the  chief  Alimentary 
Principles,  and  wiU  now  review  the  Compound  Ali- 
ments, or  those  articles  of  Food  and  Drink  which  con- 
stitute and  vaiy  our  diet 


CHAPTER  11. 

(Continued.) 

FOOD   AND   DRINK. 

SECTION  m.— ABTICLES  OF  FOOD. 

Meats — The  flavouring  substance  of  meat,  osmazome — The  flesh  of 
young  ftP^Tttft^w — ^The  age  of  animals  in  relatibn  to  the  digestibility  of 
their  flesh — Effects  of  roasting,  boiling,  and  baking-~Oerman  and 
French  meat  —  Digestibility  of  different  meats  —  Sweetbread  and 
tripe — Horse-flesh  as  food :  experiments  to  establish  the  excellence  of 
horse-beef— Quantities  of  horse-flesh  consumed  in  various  countries — 
The  flesh  of  donkeys^Fish :  digestibility  of  different  kinds— Nutri- 
tive quality  of  fish — Are  fish-eaters  unusually  prolific? — £gg8 — 
Pastry:  is  it  injurious? — Vegetables — Vegetarianism — ^Tea,  coffee, 
and  the  narcotics :  curious  physiological  paradox  of  their  action — 
The  quantity  of  food  requisite  for  man— Individual  varieties  in  the 
quantity  needed — Error  of  applying  arithmetic  to  vital  problems — 
The  i^uttony  of  some  races — Does  a  cold  climate  produce  inordinate 
eating  ? — ^The  rations  of  paupers  and  soldiers. 

Man  is  said,  mth  but  slight  exaggeration,  to  be 
onmivoroaa  If  he  does  not  eat  of  all  things,  he  eats 
80  xntdtifiEuionsly,  that  our  limits  would  be  insufficient 
to  include  even  a  superficial  account  of  all  the  sub- 
stances employed  by  him  as  Food.  We  must  there- 
fore be  content  to  let  attention  fiedl  on  the  principal 
groups. 

N 
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1.  Meats, — It  is  superflaous  to  dwell  on  the  fact 
that  the  flesh  of  most  herbivora,  both  wild  and  domes- 
tic, is  both  agreeable  and  nutritious ;  even  the  advo- 
cates of  a  purely  vegetable  diet  do  not  dispute  the 
flavour  or  the  potency  of  flesh,  whatever  consequences 
they  may  attribute  to  the  eating  of  it.  It  contains 
some  of  the  chief  alimentary  principles  :  namdy,  albu- 
men, fibrine,  fat,  gelatine,  water,  salts,  and  osmazome. 

The  last-named  is  a  substance  of  reddish-brown 
colour,  having  the  smell  and  flavour  of  soup  (whence 
the  name — i<fM,  smell,  and  t,oi/ioi,  soup)  ;  it  varies  in 
various  animals,  increasing  with  their  age.  It  is  this 
osmazome,  developed  during  the  process  of  cooking, 
which  gives  their  characteristic  flavours  to  beef,  mut- 
ton, goat-flesh,  and  birds,  &c. 

The  flesh  of  young  animals  is  tenderer  than  that  of 
adults ;  and  tenderness  is  one  quality  which  favours 
digestibility.  Nevertheless  we  shall  err  if,  flxing  our 
attention  on  this  one  quality,  we  assume  that  the  flesh 
of  young  animals  is  always  more  digestible  than  that 
of  adults ;  we  shall  find  veal  to  be  less  so  than  bee^ 
and  chicken  less  so  than  beef  The  reason  given  for 
the  first  of  these  exceptions  is,  that  veal  has  less  of  the 
peculiar  aroma  developed  in  cooking ;  the  reason  given 
for  the  second  is,  that  the  texture  of  chicken  is  closer 
than  that  of  beef,  and,  being  closer,  is  less  readily  acted 
on  by  the  gastric  juice.  Every  one  knows  that  veal  is 
not  very  digestible,  and  is  always  shunned  by  the 
dyspeptic.  On  the  other  hand,  in  spite  of  chicken 
being  less  digestible  than  beef,  it  is  more  suitable  for 
a  delicate  stomach,  and  will  be  assimilated  when  beef. 
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or  other  meat,  would  not  remain  in  the  stomach, — an 
example  which  shows  ns  that  even  the  rule  of  nutritive 
value,  being  determined  in  a  great  measure  by  digesti- 
bility, is  not  absolute ;  and  which  farther  shows  how 
cautious  we  should  be  in  relying  upon  general  rules  in 
cases  so  complex. 

The  age  of  animals  is  veiy  important  Thus  the  flesh 
of  the  kid  is  veiy  agreeable ;  but  as  the  kid  approaches 
the  adult  period,  there  is  so  pronounced  an  odour  devel- 
3ped  from  the  hircic  acid  in  its  fat,  that  the  flesh  be- 
comes uneatabla  Whereas  the  ox  and  cow,  fattened  for 
two  years  after  reaching  full  growth,  have  acquired  the 
perfection  of  their  aroma  and  flavour.  The  difference 
between  lamb  and  mutton  is  very  marked,  especially  in 
their  fat,  that  of  mutton  containing  more  fatty  acid,  and 
being  to  many  stomachs  quite  intolerable. 

''All  the  savouiy  constituents  of  flesh  are  contained 
in  the  juice,  and  may  be  entirely  removed  by  lixiviation 
(process  of  dissolving)  with  cold  water.  When  the 
watery  infusion  of  flesh  thus  obtained,  which  is  com- 
monly tinged  red  by  some  of  the  colouring  matter  of 
the  blood,  is  gradually  heated  to  boiling,  the  aJbvmien 
of  flesh  separates,  when  the  temperature  has  risen  to 
ISS"*  Fahr.,  in  nearly  colourless  cheesy  flocculi;  the 
colouring  matter  of  the  blood  is  not  coagulated  till  the 
temperature  rises  to  168^ 

"  The  proportion  of  the  albumen  of  flesh  separated 
as  a  coagulum  by  heat  is  veiy  various,  according  to 
the  age  of  the  animal  The  flesh  of  old  animals  often 
yields  no  more  than  1  or  2  per  cent;  that  of  yotmg 
animals  as  much  as  14  per  cent  « 


154  FOOD   AND  DRINK. 

"  The  infasion  or  extract  of  flesh,  after  being  freed 
by  boiling  from  the  albumen  and  colouring  matter  of 
the  blood,  has  the  aromatic  taste,  and  all  the  proper- 
ties of  soup  made  by  boiliag  the  flesh.  The  residue  of 
flesh,  after  exhaustion  with  cold  water,  is  of  the  same 
quality  in  different  animals;  so  that  it  is  impossible  ia 
this  state  to  distinguish  beef  &om  poultry,  venison, 
pork,  &a  On  the  other  hand,  the  soup  made  of  the 
flesh  of  different  animals  possesses,  along  with  the  com- 
mon flavour  in  which  all  soups  resemble  one  another^ 
in  each  case  a  peculiar  taste,  which  distinctly  recalls  the 
smell  or  taste  of  the  roasted  flesh  of  the  animal ;  so 
that  if  we  add  to  the  boiled  and  exhausted  flesh  of  roe- 
deer  the  concentrated  juice  of  beef  or  poultry,  the  meat 
thus  prepared  cannot  be  distinguished  by  the  flavour 
from  roast-beef  or  fowl. 

"  The  fibre  of  meat  is,  as  we  see  from  these  facts,  in 
its  natural  state  steeped  in  and  surrounded  by  a  liquid 
containing  albumen  ;  and  the  tender  quality  of  boiled 
or  roasted  meat  depends  on  the  amount  of  albumen 
deposited  in  its  substance,  and  there  coagulating, 
whereby  the  contraction,  toughening,  and  hardening  of 
the  fibres  are  prevented  Meat  is  underdone,  or  bloody, 
when  it  has  been  heated  throughout  only  to  the  tem- 
perature of  coagulating  albumen,  or  IdS""  Fahr. ;  it  is 
quite  done,  or  cooked,  when  it  has  been  heated  through 
its  whole  mass  to  between  158"*  and  165*"."  * 

We  may  now  understand  the  effects  of  cooking. 
When  meat  is  Roasted,  the  outer  layer  of  its  albumen 
is  ooagulated,  and  thus  presents  a  barrier  to  the  exit 

*  Ltebiq  :  Chemical  Letters,  1359,  pp.  435- S6. 
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of  all  the  juice.  To  have  a  good  and  juicy  roast,  it  is 
therefore  necessary  that  the  heat  should  be  strongest 
at  first.  Let  your  cook,  therefore,  be  careful  not  to 
set  the  joint  down  until  the  fire  is  vigorous  and  red. 
The  heat  may  afterwards  be  much  reduced  Besides 
this  effect  on  the  albumen,  roasting  conyerts  the  cellu- 
lar tissue  into  gelatine  ready  for  solution,  and  melts 
the  fat  out  of  the  fat-cells. 

In  Rajnd  Boiling  a  somewhat  similar  result  is 
effected,  except  that  the  albumen  becomes  less  soluble. 
*'  If  the  flesh  be  introduced  into  the  boiler,"  says 
Liebig,  "when  the  water  is  in  a  state  of  brisk  ebulli- 
tion, and  if  the  boiling  be  kept  up  for  a  few  minutes, 
and  the  pot  then  placed  in  a  warm  place,  so  that  the 
temperature  of  the  water  is  kept  at  158°  to  165°,  we 
have  the  united  conditions  for  giving  to  the  flesh  the 
qualities  which  best  fit  it  for  being  eaten.'' 

In  Slow  Boiling  a  very  different  result  is  obtained. 
All  the  juices  are  extracted  in  the  form  of  Soup,  leav- 
ing  a  stringy  mass  of  fiesh  behind.  The  thinner  the 
piece  of  meat,  the  greater  is  its  loss  of  savoury  juices. 
To  make  the  best  soup  we  must  chop  the  meat  into 
fine  pieces,  and  then,  adding  an  equal  weight  of  water, 
let  the  whole  be  slowly  heated  to  the  boiling  point ; 
it  must  be  kept  boiling  for  a  few  minutes,  and  then 
strained  and  pressed.  We  have  then  the  strongest  and 
most  highly- flavoured  soup  that  can  be  made  from  flesh ; 
after  which  it  may  be  diluted  according  to  taste. 

Baking  exerts  some  unexplained  influence  on  the 
meat,  which  renders  it  both  less  agreeable  and  less  di- 
gestible.   Those  who  have  travelled  in  Germany  and 
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France  must  have  repeatedly  marvelled  at  the  singnlar 
uniformity  in  the  flavour,  or  want  of  flavour,  of  the 
various  "  roasts"  served  up  at  the  tabte-d^hdie.  The 
general  explanation  is,  that  the  German  and  French 
meat  is  greatly  inferior  in  quality  to  that  of  England 
and  Holland,  owing  to  inferiority  of  pasturage ;  and, 
doubtless,  this  is  one  cause,  but  it  is  not  the  chief 
cause.  The  meat  is  inferior,  but  the  cooking  is  mainly 
at  fftult  The  meat  is  scarcely  ever  roasted,  because 
there  is  no  coal,  and  firewood  is  expensive.  The  meat 
is  therefore  baked;  and  the  consequence  of  this  bak- 
ing is,  that  no  meat  is  eatable,  or  eaten,  with  its  own 
gcavy,  but  is  always  accompanied  by  some  sauce  more 
or  less  piquant.  The  Qermans  generally  believe  that 
in  England  we  eat  our  beef  and  mutton  almost  raw ; 
they  shudder  at  our  gravy,  as  if  it  were  so  much  blood. 
I  have  ascertained  that  it  is  really  the  cooking,  and 
not  the  meat,  which  is  in  fault ;  for  at  the  tables  of 
great  people,  or  resident  English,  where  roast  meat  is 
served,  the  flavour  is  excellent  Moreover,  the  game, 
at  a  table-d'hdte,  is  almost  as  tasteless  as  the  poultry, 
partridges  having  Uttle  of  «.eir  weU-lmown  fla^.r7 

"  Looge  d1«n1niilftTn  noto  celantia  succam  ; "  * 

and  hare,  that  "weU- flavoured  beast,"  eulogised  by 
Charles  Lamb,  is  rendered  undistinguishable  from  beei^ 
except  perhaps  in  tenderness ;  while  venison  may  be 
mistaken  for  kid 

In  the  inferior  eating-houses  of  London  the  meat  is 
also  baked,  for  the  sake  of  economy,  and  is  notori- 

*  Horace,  Sat.  ii.  8,  makes  this  complaint  of  bad  cookexy  in  his  day. 
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ously  deficient  in  that  agreeable  flayonr  which  roast- 
meat  possesses.  If  it  were  baked  as  thoroughly  as  it 
is  in  Germany,  the  meat  in  such  eating-houses  would 
be  as  tasteless. 

Dr  Beaumont  has  drawn  up  tables  of  the  compara- 
tive digestibility  of  various  substances,  to  which  suc- 
ceeding writers  have  referred,  without  always  perceiv- 
ing that  Dr  Beaumont's  observations,  being  confined  to 
what  takes  place  in  the  stomach,  which  is  only  one 
part  of  the  digestive  process,  do  not  throw  any  light 
upon  what  takes  place  in  the  intestines — ^by  far  the 
more  important  part  of  the  process* — and  can  only 
have  a  limited  value,  because  they  can  only  apply  to 
those  substances  which  are  in  any  degree  influenced 
by  the  gastric  juice.  Bearing  this  in  mind,  and  accept- 
ing the  following  figures  as  indications  only,  they  will 
be  found  useful — 


Venison  steak,  broiled, 
Pig,  sucking,  roasted, 
Lamb,  fresh,  broiled,  . 
Bee^  with  salt  only,  boiled, 
Beef,  fresh,  lean,  roasted. 
Beef-steak,  broiled, 
Pork,  recently  salted,  raw. 
Pork,  recently  salted,  stewed 
Mutton,  fresh,  broiled, . 
Mutton,  fresh,  boiled,  . 
Pork,  recently  salted,  broiled 
Pork  steak,  broiled, 


requures 


9t 


f> 


l> 


i> 


i> 


» 


t> 


if 


9* 


t> 


>» 


Hour. 

1 

MlB. 

35 

2 

30 

2 

30 

2 

45 

3 

0 

3 

0 

3 

0 

3 

0 

3 

0 

3 

0 

3 

15 

3 

15 

*  See  the  next  cliapter,  Digestion  ajsd  IirDiGESTion. 
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Hoar. 

MIn 

Mutton,  fresh,  roasted,     .        requires 

s 

15 

Beef,  fresh,  lean,  dryi^  roasted, 

>J 

3 

30 

Beef,  with  mustard,  &c.,  boiled, 

ft 

3 

30 

Beef,  with  mustard,  &c.,  fried, 

ft 

4 

0 

Veal,  fresh,  broiled. 

ft 

4 

0 

Beef,  old,  hard,  salted,  boiled. 

if 

4 

15 

Veal,  fresh,  fried. 

tt 

4 

30 

Pork,  fat  and  lean,  roasted,  . 

ft 

5 

15 

« 

As  may  be  expected,  the  flesh  of  different  parts  has 
different  qualities :  the  breast  of  birds,  with  its  pecto- 
ral muscles,  which  move  the  wings,  is  tenderer  than 
the  legs ;  but  the  flesh  of  the  legs,  when  the  birds 
are  young,  is  more  juicy  and  savoury  than  that  of  the 
wings  ;  and  in  the  woodcock,  old  or  young,  the  legs 
are  always  preferred,  while  in  the  partridge  epicures 
select  the  wings. 

The  flesh  of  game  is  richer  in  osmazome  than  that 
of  domestic  birds ;  and  when  the  bird  has  been  kept 
till  it  is  "  high,"  it  has — especially  in  the  back — an 
aromatic  bitter  flavour  very  acceptable  to  epicures,  but 
very  nauseous  to  unsophisticated  palatea 

The  flesh  of  all  waterfowl,  especially  the  goose,  is 
penetrated  with  fat,  which  often  becomes  rancid  and 
"  fishy  : "  this  renders  the  goose  so  notorious  an 
offender,  that  he  has  to  be  ''qualified"  by  a  little 
brandy,  euphuistically  styled  "  Latin  for  goose."  Dr 
Beaumont  found  no  difference  between  the  digestibil- 
ity (in  the  stomach)  of  roast  goose  and  roast  turkey, 
both  requiring  two  hours  and  a  half ;  but  it  should  be 
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observed  that  the  fats  are  not  digested  at  all  is  the 
stomach,  and  it  is  on  the  fats  that  the  real  digestive 
diiferenoe  between  goose  and  turkey  depends.  Turkey, 
roasted,  requires  two  hours  and  a  half  for  digestion  ; 
fowl,  roasted,  four  hours,  and  ducks  the  same. 

Besides  the  meat  (muscle),  the  brains,  livers,  kid- 
neys, and  sweetbread  of  various  animals  are  eaten.  On 
account  of  the  fat  and  oil  contained  in  brain  and  liver, 
they  are  unsuitable  for  delicate  stomachs,  especially 
when  fried.  Kidneys  are  very  tough,  and  difficult  of 
digestion.  Sweetbread  forms  a  favourite  food  with 
convalescents,  when  plainly  dressed ;  its  composition 
in  100  parts  is  as  follows — 


Albumen, 

14.00 

Osmazome, 

1.65 

Oelatine,     .         .        .        .        . 

6.00 

Animal  fat,          .        .        .        , 

0.30 

Margaric  add,*   . 

0.05 

Kbrine,       ... 

8.00 

Water,        .... 

70.00 

100.00 

An  excdlent  food,  too  much  neglected,  is  Tripe,  which 
is  simply  the  stomachs  of  ruminant  animals.  As  it 
contains  a  large  proportion  of  albumen  and  fibrine,  and 
requires  not  more  than  one  hour  for  its  digestion  in 
the  stomach,  we  see  the  justification  of  the  practice 

*  Morgario  odd  is  one  of  the  fatty  aoids,  and  is  produoed  from 
margarin,  a  pearly  fat  found  in  olive  oil*  goose  grease  and  bnman  fat. 
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popular  in  many  &milies,  of  having  Tripe  for  sapper. 
There  is  no  nightmare  in  it 

2.  Horse-flesh. — A  Frenchman  was  one  day  blandly 
remonstrating  against  the  saperdlions  soom  expressed 
by  Englishmen  for  the  beef  of  France,  which  he,  for 
his  part,  did  not  find  so  inferior  to  that  of  England* 
"  I  have  been  two  times  in  England,''  he  remarked, 
'*  bnt  I  nev^e  find  the  bif  so  sup^eur  to  ours.  I  find 
it  vary  conveenient  that  they  bring  it  you  on  leeile 
pieces  of  stick,  for  one  penny ;  but  I  do  not  find  the 
bif  sup^rieur."  On  hearing  this,  the  Englishman,  red 
with  astonishment,  exclaimed,  ''Good  God,  sir!  you 
have  been  eating  cat's  meat" 

It  is  very  true,  he  had  been  eating  cat's  meat ;  but 
had  he  not  at  the  same  time  been  eating  meat  as 
succulent,  savoury,  and  wholesome  as  the  marbled  beef 
of  which  the  Briton  is  so  proud  ? 

Let  the  resonant  shouts  of  laughter  subside  a  little, 
and  while  you  are  wiping  the  tears  trom  your  eyes, 
listen  to  the  veiy  serious  exposition  we  shall  make  of 
the  agreeable  and  nutritive  qualities  of  horse-flesh. 
We  are  not  going  to  press  into  the  service  of  our  argu- 
ment the  immense  mass  of  evidence  collected  by  M. 
Isidore  Geofiroy  St  Hilaire,*  respecting  the  tribes  and 
nations  which  habitually  dine  off  horses ;  nor  will  we 
lay  much  stress  on  the  fact,  that  in  the  Jardin  des 
Flantes  the  camivora  are  habitually  fed  on  horse-flesh, 
which  keeps  them  healthy  in  spite  of  many  unfavour- 

*  Lettret  tur  Ut  Suhitanctt  Alimentairet,  tt  parHeulUrtmeut  twr  la 
ViamUtUCkevoL    185S. 
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able  condition&  The  sceptic  might  not  unreasonably 
ask  whether  onr  digestive  power  be  quite  as  good  as 
that  of  the  lion ;  and  he  would  remark  that  the  condor 
is  known  to  devour,  with  relish,  food  which  Mr  Brown 
would  sturdily  refudb.  UnhappUy  no  dietetic  rules  for 
men  can  be  deduced  from  condors  and  lions.  We  must 
rely  on  the  experience  of  human  stomachs. 

Nor  is  this  experience  wanting.  Without  alluding 
to  the  rumours  which  attribute  to  the  Paris  restaura- 
teurs a  liberal  employment  of  horse-flesh  among  their 
filets  de  bcsuf,  M.  St  Hilaire  collects  an  imposing  mass 
of  evidence  to  show  that  horses  have  been  eaten  in 
abimdance  without  suspicion,  and  without  evil  conse- 
quences. 

Huzard,  the  celebrated  veterinary  surgeon,  records, 
that  during  the  Revolution  the  population  of  Paris 
was  fed  for  six  months  on  horse-flesh.  It  is  true,  that 
when  the  beef  was  known  to  be  that  of  horses,  some 
complaints  were  made;  but  in  spite  of  the  strong 
prejudices,  and  the  terrors  such  a  discovery  raised,  no 
single  case  of  illness  was  attributable  to  this  food 

Larrey,  the  great  army-surgeon,  declares,  that  on 
very  many  occasions  during  the  campaigns,  he  admin- 
istered horse-flesh  to  the  soldiers ;  and  what  is  more,  he 
administered  it  to  the  sick  in  the  hospitals.  Instead  of 
finding  it  injurious,  he  found  that  it  powerfully  contri- 
buted to  their  convalescence,  and  drove  away  a  scorbutic 
epidemic.  Other  testimony  is  cited,  and  M.  St  Hilaire 
feels  himself  abundantly  authorised  to  declare  that 
horse-flesh  is  as  wholesome  and  nutritious  as  ox-flesh. 
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Is  horse-flesh  as  palatable  as  it  is  wholesome  ?  Little 
will  it  avail  to  recoimt  how  there  are  tribes  of  hippo- 
phagists,  or  how  soldiers  during  a  campaign,  and 
citizens  during  a  siege,  have  freely  eaten  of  tine  filet  de 
chevai:  under  such  extremities  an  old  shoe  has  not 
been  despised — ^nevertheless,  that  is  not  generally  con- 
sidered  a  toothsome  morsel 

Feeling  the  necessity  of  having  this  point  defini- 
tively settled,  the  advocates  of  horse-flesh  have  given 
banquets,  both  in  Germany  and  France,  at  which  the 
comparative  merits  of  horses,  cows,  and  oxen  were  to 
be  appreciated.    In  1835  the  Prefect  of  Police  chose  a 
commission  of  eminent  men  to  inquire  into  the  quality 
of  the  flesh  taken  from  horses  which  had  died,  or  had 
been  recently  killed,  in  Paris  and  its  environs.    These 
commissioners  all  shared  the  general  prejudice ;  yet  in 
their  report  they  avowed  that  "  we  cannot  but  admit 
this  meat  to  be  very  good  and  very  savoury ;  several 
members  of  the  commission  have  eaten  it,  and  could 
not  detect  any  sensible  difference  between  it  and  beef 
In  184)1,  horse-flesh  was  openly  adopted  at  Ochsen- 
hausen  (what  irony  in  this  name  I)  and  Wiirtemberg, 
at  both  of  which  places  it  continues  to  be  publicly 
sold,  under  the  surveillance  of  the  police ;  and  five  or 
six  horses  are  weekly  brought  to  market.    In  1842,  a 
banquet,  at  which  a  hundred  and  fifty  persons  assisted, 
inaugurated  its  public  use  at  Konigsbaden,  near  Stutt- 
gard.     In  1846  the  police  of  Baden  authorised  its 
public  sale;  and  Schaffhausen  followed  the  example. 
In  1847,  Weimar  and  Detmold  witnessed  public  ban- 
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qnets  of  the  hippophagists,  which  went  off  with  ^dat; 
in  Karlsbad  and  its  environs  the  new  beef  came  into 
general  use;  and  at  Zittan  two  hundred  horses  are 
eaten  annually.  The  innovation  gained  ground  rapidly, 
and  the  public  sale  of  horse-flesh  is  now  general  in 
Austria,  Bohemia^  Saxony,  Hanover,  Switzerland,  and 
Belgium.  In  1853,  Berlin  counted  no  less  than  five 
slaughter-houses,  where  three  hundred  and  fifty  horses 
were  sold.  In  Vienna,  during  the  same  year,  there  was 
a  riot  to  prevent  one  of  these  banquets ;  yet,  in  1854, 
such  progress  had  been  made  in  public  opinion  that 
thirty-two  thousand  pounds'  weight  were  sold  in  a 
fortnight,  and  now  at  least  ten  thousand  of  the  inhabit- 
ants are  hippophagista  A  large  quantity  is  also  sold 
at  the  Lake  of  Constance,  as  I  learned  in  1858 ;  and  I 
suspect  that  I  ate  thereof  on  board  the  steamer. 

These  facts  are  very  striking.  When  we  consider, 
on  the  one  hand,  how  strong  is  prejudice,  and,  on  the 
other,  how  unreasoning  the  stomach,  we  must  admit 
that  horse-flesh  could  only  gain  acceptance  in  virtue  of 
its  positive  excellence.  Nor  will  it  suffice  to  meet  these 
facts  with  a  sarcasm  on  German  beef,  in  comparison 
with  which  horse-flesh  may  be  supposed  to  hold  no 
dishonourable  rank:  we  have  the  testimony  of  men 
accustomed  to  the  Caf^  de  Paris  and  Philippe's,  in- 
vited expressly  to  pronounce  judgment,  and  proved, 
on  trial,  incapable  of  distinguishing  horse-beef  from 
ox-beef. 

M.  Renault,  the  director  of  the  great  veterinary 
school  at  Alfort,  had  a  horse  brought  to  the  establish- 
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ment  with  an  incurable  paralysis.  It  was  killed ;  and 
three  days  afterwards,  on  the  1st  December  1855,  eleven 
guests  were  invited  to  dine  off  it :  they  were  physi- 
cians, journalists,  veterinary  surgeons,  and  employA 
of  the  Government  Side  by  side  were  dishes  prepared 
by  the  same  cook,  in  precisely  similar  manner,  consist- 
ing of  similar  parts  of  the  meat  from  this  horse,  and 
firom  an  ox  of  good  quality.  The  horse-soup  was 
flanked  by  an  ox-soup — the  bouilii  of  horse  by  a  bouiUi 
of  beef— the  fillet  of  roast-beef  by  a  fillet  of  roast- 
horsa  The  guests  unanimotisly  pronounced  in  favour 
of  the  horse-soup ;  the  bouiUi,  on  the  contrary,  they 
thought  inferior  to  that  of  the  ox,  though  superior  to 
ordinaiy  beef,  decidedly  so  to  cow -bee!  The  roast 
fillet,  again,  seemed  to  them  very  decidedly  in  favour 
of  the  horsa 

Similar  experiments  have  been  subsequently  repeated 
in  Paris  and  the  provinces,  under  varying  conditions : 
the  guests  have  sometimes  been  informed  what  they 
were  going  to  eat ;  sometimes  they  have  been  totally 
unsuspecting;  and  sometimes  they  have  been  simply 
told  that  they  were  going  to  eat  something  quite 
novel.  Yet  in  every  case  the  result  has  been  the 
sama 

It  is  on  this  evidence  that  M.  St  Hilaire  calls  upon 
the  French  people  to  turn  their  serious  attention  to 
the  immense  mass  of  excellent  animal  food  which  lies 
within  their  reach,  and  which  they  annually  suffer  to 
waste,  merely  because  of  an  absurd  prejudice.  Difficult 
as  it  may  be  to  overcome  a  prejudice,  no  array  of  igno- 
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ranee  can  prevent  the  establishment  of  a  truth  which 
is  at  once  easily  demonstrable  and  immediately  bene- 
ficial Prejudice  may  reject  horse-flesh,  as  it  long  re- 
jected tea  and  potatoes,  the  latter  of  which,  Montaigne 
tells  us,  excited  restonnement  et  Is  d^odt,  but  has 
nevertheless  become  European  food. 

If  horses  are  eaten,  why  not  donkeys  ?  The  Greeks 
ate  donkeys,  and  -we  must  suppose  they  had  their 
reasons  for-  it.  Has  any  modem  stomach  been  cour- 
ageous enough  to  try  ? 

Yes,  the  experiment  has  at  least  been  made  once. 
Dr  John  Beddoe  of  Clifton  sends  me  the  following 
statement : — "  Several  years  ago,  I  entertained  six  or 
dght  medical  students  with  a  dinner,  at  which  the 
piice  de  resisUxme  was  nothing  else  than  the  hind-leg 
of  a  donkey  which  had  been  sacrificed  to  a  physiolo- 
gical experiment  One  or  two  of  my  guests  were  in 
the  secret :  to  the  others  I  represented  the  meat  to  be 
part  of  a  fawn.  They  all  partook  of  it,  and  '  even 
asked  for  more.'  In  flavour  and  appearance  it  most 
resembled  mutton ;  but  though  young  it  was  far  from 
tender,  and  I  did  not  care  to  repeat  the  experiment,  to 
which  I  had  been  instigated  partly  by  a  passage  in  an 
Arabian  tale,  in  which  one  of  two  gastronomic  dis- 
putants, in  reply  to  a  commendation  of  a  shoulder  of 
lamb,  is  made  to  say,  '  You  know  nothing :  what  say 
you  to  the  neck  of  a  young  ass  carefully  roasted?"' 
Although  Dr  Beddoe  does  not  report  very  favourably 
of  the  tenderness,  his  guests  found  the  meat  suflSciently 
appetising,  since  they  "asked  for  more."    Besides,  the 
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animal  may  have  been  too  fresh ;  another  day  or  two 
might  have  given  it  the  requisite  tenderness.  The  point 
is  worth  investigating ;  for  if  the  horse  and  donkey  can 
be  introduced  among  our  meats,  thousands  who  now 
rarely  touch  animal  food  may  be  supplied.  So  many 
horses  are  killed  by  accident,  or  killed  because  they  are 
lame  or  vicious;  that  the  supply  would  be  enormous, 
without  any  necessity  for  killing  horses  expressly. 

A  new  and  noble  kind  of  meat  has  recently  been 
suggested  by  Prof.  Owen,  whose  account  of  the  flavour 
and  capabilities  of  the  Eland  will  doubtless  induce 
noblemen  to  introduce  that  animal  into  their  parks. 

3.  Fish  is  largely  eaten  by  all  classes,  and  is  certainly 
nutritious.  Great  dififerences  are  noticeable  in  the  dif- 
ferent kinds.  Many  kinds  have  large  quantities  of  oil 
— as  the  eel,  salmon,  herring,  pilchard,  and  sprat ;  and 
these  are  therefore  the  least  digestible.  The  oil  is  most 
abundant  in  the  ''  thin ''  parts  of  salmon,  which  are 
consequently  preferred  by  epicurea  After  spawning, 
the  quality  is  very  inferior.  In  the  cod,  whiting, 
haddock,  plaice,  flounder,  and  turbot,  there  is  no  oil 
except  in  their  livers,  so  that  these  are  easily  digested, 
especially  if  they  are  not  eaten  with  quantities  of  lob- 
ster or  shrimp  sauce,  agreeable  adjuncts  veiy  apt  to 
exact  large  compensation  from  the  delicate  in  the  shape 
of  acidity  and  flatulence. 

Frying,  of  course,  renders*  fish  less  digestible  than 
boiling  or  broiling;  and  those  whose  digestions  are 
delicate  should  avoid  the  skin  of  fried  fish.  They 
should  also  avoid  dried,  smoked,  salted,  and  pickled 
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fish ;  crabs,  lobsters,  prawns,  and  shrimps.  The  oyster 
is  most  digestible  when  raw,  least  so  when  stewed.  Dr 
Beaumont  found  the  raw  oyster  took  2  hours  55  minutes 
to  digest,  the  roasted  oyster  3.15,  and  the  stewed  3.30. 
What  is  called  "  scalloping ''  gives  oysters  a  delicious 
flavour,  but  the  heat  coagulates  the  albumen  and 
hardens  the  fibrine ;  besides,  the  effect  of  heat  on  the 
butter  in  which  they  are  cooked  renders  it  very  unfit 
for  the  delicate  stomach. 

Bespecting  the  nutritive  quality  of  fish,  opinions  are 
divided.  Let  us  hear  old  Leeuwenhoek.  "  It  is  the 
opinion  of  many  medical  persons,'^  he  says,  "  that 
various  disorders  in  the  human  frame  are  caused  by 
acid  in  the  stomach,  which  coagulates  the  juices  (!) ; 
and  some  condemn  the  use  of  acids,  and  also  of  fish, 
as  articles  of  food.  But  to  these  opinions  I  cannot 
subscribe ;  for  at  a  town  in  my  neighbourhood,  where 
the  people  get  their  living  by  fishing,  and  feed  princi- 
pally on  fish,  especially  when  they  are  on  the  sea,  the 
men  are  very  robust  and  healthy  even  to  a  great  age ; 
and  with  respect  to  myself,  I  have  experienced  that 
when  my  habit  of  body  has  been  indisposed,  I  have 
been  greatly  refireshed  by  eating  fish  with  sauce  com- 
posed of  a  mixture  of  butter  and  vinegar,  and  I  never 
found  acid  sauces  disagree  with  me.  It  is  also  my 
opinion  that  a  fish  diet  is  more  wholesome  than  flesh, 
particularly  to  those  -persons  who  do  not  use  much 
exercise,  because  fish  is  more  easily  comminuted  and 
digested  in  the  stomach  and  bowels  than  flesh/'  * 

*  Leeuwenhoek  :  Select  Worit,  I  154. 
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But  while  fishermen  are  robust  on  a  fish  diet,  it  is 
notorious  that  those  accustomed  to  meat  find  a  certain 
debility  follow  the  adoption  of  an  exdusiyely  fish  diet 
— during  Lent,  for  instance ;  and  jockeys,  when  "  wast- 
ing'" themselves  at  Newmarket,  take  fish  in  lieu  of 
meat.  Lehmann  dtes  the  analyses  of  Schlossberger, 
which  show  "  that  the  amount  of  nitrogen  in  muscular 
fibre  is  throughout  the  animal  kingdom  essentially 
similar.  The  flesh  of  fish  contains  the  same  amount 
as  that  of  the  higher  animals ;  oysters,  on  the  contrary, 
instead  of  containing  more,  as  common  experience 
would  lead  us  to  conjecture,  actually  contain  less.''* 
There  is,  however,  aa  we  have  seen,  a  remarkable  differ- 
ence between  being  rich  in  nitrogen,  and  being^good 
food  One  reason  why  fish  is  less  nutxitious  than 
flesh,  in  spite  of  the  similarity  in  their  composition,  is 
said  to  be  the  absence  of  the  osmazome  which  gives 
flavour  to  flesL 

One  of  the  popular  notions  entertained  even  by 
some  medical  men  is,  that  eating  fish  increases  fertil- 
ity, and  that  the  fish-eating  tribes  are  unusually  proUfic. 
We  need  not  pause  to  refute  the  physiological  argu> 
ments  on  which  this  opinion  is  founded,  as  the  fact 
asserted,  of  fish-eating  tribes  being  very  prolific,  is 
itself  a  fiction.     Dr  Pereira  remarks : — 

*'  There  is,  I  think,  sufficient  evidence  to  prove  that 
the  ichthyophagous  people  are  not  more  prolific  than 
othera  In  Greenland  and  among  the  Esquimaux,  says 
Foster,  where  the  natives  live  chiefly  upon  fish,  seals, 

*  Lehmakk  :  Physiol.  ChmU,  iii.  351. 
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and  oily  animal  substances,  the  women  seldom  bear 
children  ofitener  than  three  or  four  times :  five  or  six 
births  are  reckoned  a  very  extraordinary  instance.  The 
Pesserais  whom  we  saw  had  not  above  two  or  three  * 
children  belonging  to  each  family,  though  their  com- 
mon food  coi\sisted  of  mussels,  fish,  and  seal-flesL  The 
New  Zealanders  absolutely  feed  on  fish,  and  yet  no 
more  than  three  or  four  children  were  found  in  the 
most  prolific  families."  * 

4.  Eggs  are  very  nutritious,  especially  when  poached 
or  lightly  boiled ;  when  boiled  hard,  or  fried  in  butter, 
they  are  difficult  of  digestion ;  and  the  same  may  be 
said  of  oi^elettes,  pancakes,  and  fritters. 

But  here,  as  indeed  in  all  other  cases,  only  general 
empirical  lades  can  be  laid  down — ^rules  which  indivi- 
dual experience  must  rectify  or  confirm.  There  are 
persons  who  cannot  eat  the  white  of  egg ;  there  are 
persons  who  cannot  eat  the  yolk  ;  and  there  are  others 
who  cannot  eat  egg  in  any  shape  whatever.  To  some 
persons  of  delicate  digestion,  eggs  are  found  very  suit- 
able ;  while  to  others,  whose  digestion  is  generally 
good,  they  are  hurtful  "In  short,''  says  Leeuwen- 
hoek,  "we  can  much  better  judge  for  ourselves  as 
to  what  agrees  or  disagrees  with  us,  than  pretend  to 
advise  other  people  what  is  good  diet,  or  the  con- 
trary.''f  Experience,  enlightened  by  vigilant  good- 
sense,  can  alone  determine  such  questions  for  each  per- 
soa     It  is  idle  to  assure  a  man  who  finds  eggs  disagree 

•  Pereira  :  On  Did,  p.  282. 

t  LE£irWK2raoEK  :  Sded  Warkt,  i.  158. 
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with  him,  that  " they  are reaDy  very  wholesome  -"  and 
not  less  idle  to  warn  him  against  eggs,  or  anything 
else,,  which  his  experience  pronounces  beneficial.  The 
blissful  being  who  knows  not,  except  by  rumour,  what 
is  the  difference  between  digestible  and  indigestible, 
may  smile  at  Science  and  its  exhprtations  ;  the  miser- 
able being  whose  stomach  painfully  obtrudes  itself 
upon  his  consciousness  by  importunities  not  to  be 
evaded,  and  by  clamours  not  to  be  outargued,  may 
gather  some  guiding  light  from  general  rules,  and  thus 
by  vigilance  arrive  at  positive  results  for  himself. 

5.  Pastry. — There  are  two  kinds  of  pie-€rust,  called 
"  puff"  and  "  short "  paste  ;  of  these,  the  latter  is  the 
most  digestible,  because  the  butter  is  thoroughly  mingled 
with  the  dough,  and  is  by  this  means  in  that  state  of 
minute  subdivision  which,  when  treating  of  Fats  and 
Oils,  we  saw  to  be  necessary  for  its  proper  digestion  ; 
morever,  the  starch  is  also  thus  more  equally  distributed 

In  puff  pastry  this  is  not  the  case:  the  dough 
forms  itself  into  thin  and  solid  layers.  "  All  pastry," 
according  to  Dr  Paris,  "  is  an  abomination,  I  verily 
believe  that  one-half  of  the  cases  of  indigestion  which 
occur  after  dinner-parties  may  be  traced  to  this  cause." 

A  hard  sentence,  this,  on  juveniles  and  pastry-lovers ; 
but  in  mitigation,  one  may  suggest  that  the  offences  of 
pastry  lie  less  in  its  own  sinful  composition,  than  in 
the  fact  of  its  succeeding  a  chaos  of  meats,  made-dishes, 
and  mingled  vintages.  The  gentleman  who  was  found 
reeling  forlorn  and  helpless  against  the  railings,  on  his 
way  home  after  dinner  with  a  friend,  hiccuped  energetic 
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denanciations  against  that  "  knuckle  of  ham  "  which 
had  taken  the  steadiness  from  his  legs  and  the  single* 
ness  firom  visual  objects ;  in  like  manner  the  tart, 
which  is  innocent  when  following  a  simple  joint,  may 
become  as  guilty  as  the  knuckle  of  ham,  at  the  rear  of 
an  elaborate  dinner.  We  are  aU  apt  to  over-eat  our- 
selves, and  then  we  throw  the  blame  of  our  imprudence 
on  some  article  of  food  not  in  itself  more  objectionable 
than  the  othera 

6.  Vegetables. — ^The  immense  variety  of  vegetable 
food  cannot,  of  course^  even  be  indicated  in  so  rapid  a 
survey  as  this.  A  volume  might  be  written  on  the 
bread-plants  alone.  The  tropical :  rice,  plantain,  yam, 
sweet-potato,  chayote,  arrow-root,  cassava,  bread-fruit, 
.  sago,  cocoa-nut,  taro,  and  date  ;  and  the  extra-tropical : 
wheat,  rye,  barley,  oats,  buckwheat,  and  potatoes ;  with 
maize,  which  is  common  to  both  regions — these  alone 
support  millions  of  human  beings,  and  are  justly  named 
"  the  staflF  of  life.'' 

The  tropical  plants  yield  more  than  the  others  ; 
wheat  yields  on  an  average  only  five  or  six  fold  in 
northern  Europe,  and  eight  or  ten  fold  in  southern 
Europe  ;  but  rice  yields  a  hundred-fold.  The  plantain 
yields  133  times  as  much  food  as  wheat  on  the  same 
area.  With  a  small  garden  round  his  hut  the  peasant 
can  support  his  family.  And  how  easy  is  subsistence 
in  the  Asiatic  Archipelago,  where  sago  grows  wild  in 
the  woods,  and  a  man  goes  into  the  forest  to  cut  his 
bread,  as  we  to  cut  our  firewood.  He  fells  the  tree, 
divides  it  into  several  pieces,  scrapes  the  pith  out, 
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mixes  it  with  water,  strains  it,  and  there  is  sago-meal 
ready  for  use.* 

The  bread-countries  have  been  thus  geographically 
indicated  by  Schouw :  —  "  The  bread4ine  extends 
farthest  north  in  Scandinavia,  for  in  Finmark  we  meet 
— only  within  the  fiords,  it  is  true — ^with  barley  and 
potatoes  up  to  70°  N.  latitude ;  from  here  it  sinks  both 
to  the  east  and  west.  It  is  well  known  that  neither 
Iceland  nor  Greenland  possess  bread-plants,  although 
the  south  coast  of  the  former  lies  in  63^^  and  that  of 
the  latter  in  60"*  N.  latitude  ;  and  that  in  the  Feroe 
Islands,  although  lying  between  61^°  and  62^%  there 
exists  but  an  inconsiderable  cultivation  of  barley.  On 
the  east  side  of  North  America  the  bread-line  sinks  still 
further  to  the  south,  for  Labrador  and  Newfoundland 
have  no  bread-plants,  and  the  limit  can  scarcely  be  put 
here  higher  than  50'',  consequently  much  further  south 
than  in  Denmark,  where  the  plains  abound  in  com.  It 
extends  a  little  further  north  on  the  western  coast  of 
North  America,  which,  as  is  well  known,  possesses  a 
warmer  climate  than  on  the  east  side.  The  few  data 
which  we  find  here,  render  the  determination  of  the 
north  limit  rather  uncertain  ;  it  can  scarcely  be  placed 
higher  than  57°  or  58^  Turning  from  Scandinavia 
towards  the  east,  we  find  a  depression  of  the  bread-line 
even  in  European  Eussia,  here  coming  by  67°  north- 
ward of  Archangel  The  curve  is  considerable  in 
Asiatic  Bussia ;  at  Ob  the  north  limit  of  bread  comes 
to  60°,  at  Jenesi  to  58°,  at  Lena  57^^  and  in  Earn- 

*  SOHOUW :  The  Earth,  PlanU,  and  Man  (Trans.),  p.  ISl. 
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tschatka,  which  has  only  a  slight  cultiyation  of  com  in 
the  most  southern  part,  it  sinks  to  51^ — thus  to  about 
the  same  latitude  as  on  the  east  coast  of  North  America. 
The  bread-line  has  thus  two  polar  and  two  equatbrial 
curves,  the  former  corresponding  to  the  western,  the 
latter  to  the  eastern  sides  of  the  continent''  * 

VegetarianimL — On  surveying  the  list  of  nations 
and  tribes  whose  food  is  principally,  or  entirely,  vege- 
table, we  are  naturally  led  to  ask  what  confidence  is 
due  to  that  party  in  America  and  England  which  pro- 
claims Vegetarianism  to  be  the  proper  creed  for  civilised 
men,  and  vegetable  food  the  healthiest  and  suitablest 
in  every  way.  Many  years  ago,  I  was  myself  a  convert 
to  this  doctrine,  seduced  by  the  example  and  enthusiasm 
of  Shelley ;  and,  for  the  six  months  in  which  I  rigidly 
adhered  to  its  precepts,  could  find  no  sensible  differ- 
ence, except  that  I  was  able  to  study  immediately  after 
dinner.  It  soon  became  clear,  however,  that  the  argu- 
ments on  which  the  doctrine  rests  for  support  would 
not  withstand  physiological  scrutiny. 

It  is  imnecessary  to  do  more  than  allude  to  such  fan- 
tastic arguments  as  that  of  Rousseau,  who  maintained 
vegetables  to  be  our  proper  food,  because  we  have  two 
breasts,  like  the  vegetable  feeders ;  an  argument  as 
worthless  as  the  counter-argument  of  Helvetius,  that 
flesh  is  our  only  proper  food,  because  we  have  the  blind 
intestine  short,  like  the  flesh-feeders.  The  vegetarian 
theory  is  at  variance  with  the  plain  indications  afforded 
by  our  structure,  and  by  the  indications,  no  less  plain, 

*  ScHonw :  The  Earth,  Plantt,  and  Man  (Trans.),  p.  Idl. 
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afforded  by  our  practice.  The  structure  of  our  teeth 
and  intestinal  canal  points  to  a  mixed  diet  of  flesh  and 
vegetable ;  and  although  the  practice  of  millions  may 
be  to  avoid  flesh  altogether,  it  is  equally  the  practice 
of  millions  to  eat  it  In  hot  climates  there  seems  little 
or  no  necessity  for  animal  food ;  in  cold  climates  it  is 
imperatively  demanded.  In  moderate  climates,  food  is 
partly  animal  and  partly  vegetable.  Against  instinct, 
so  manifested,  it  is  in  vain  to  argue ;  any  theory  of 
food  which  should  run  coimter  to  it  stands  self-con- 
demned. 

Besides  this  massive  evidence,  we  have  abundant 
examples  in  individual  cases  to  show  how  necessary 
animal  food  is  for  those  who  have  to  employ  much 
muscular  exertion.  The  French  contractors  and  manu* 
facturers  who  were  obliged  to  engage  English  navvies 
and  workmen,  because  French  workmen  had  not  the 
requisite  strength,  at  last  resolved  to  try  the  effect  of  a 
more  liberal  meat  diet ;  and  by  giving  the  Frenchman 
as  ample  a  ration  of  meat  as  that  eaten  by  the  English- 
man, the  difference  was  soon  reduced  to  a  mere  nothing. 
It  is  worth  noting  that  the  popular  idea  of  one  English- 
man being  equal  to  three  Frenchmen,  was  found  by 
contractors  to  be  tolerably  accurate,  one  Englishman 
really  doing  the  work  of  two  and  a  half  men ;  and  M. 
Payen  remarks  that  the  consumption  of  mutton  in 
England  is  three  times  as  much  as  that  in  France,  in 
proportion  to  the  inhabitants.* 

It  is  a  fact  of  very  great  importance  that  the  chemi- 

*  Paten  :  Det  Substances  AlifnerUaireSy  p.  8. 
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cal  constitation  of  the  Blood  is  notably  altered  by  an 
exclusively  vegetable  diet  Verdeil  discovered  that  the 
blood  of  animals  fed  exclnsively  on  flesh  contained  a 
quantity  of  phosphates,  while  the  carbonates  had  dis- 
appeared ;  on  the  contrary,  the  same  animals  fed  on 
vegetables  had  blood  rich  in  carbonates,  with  but  little  of 
the  phosphates.  A  dog  was  fed  for  a  fortnight  on  flesh, 
and  the  ashes  of  its  blood  yielded  as  much  as  12  per 
cent  of  phosphoric  acid,  combined  with  alkalies.  The 
same  dog  fed  on  bread  and  potatoes  showed  only  9 
per  cent ;  and  if  it  could  have  been  fed  on  green 
v^etables,  there  would  not  have  been  more  than  2 
or  3  per  cent — as  in  the  blood  of  sheep  and  oxen.* 

There  are  many  conclusions  to  be  drawn  from  this 
fact.  One  only  need  be  hinted  at  here.  Those  who 
have  any  predisposition  to  the  temble  disease  called 
''the  stone''  should  abstain  as  much  as  possible  from 
animal  diet,  bread,  and  peas,  since  it  is  thence  that  the 
phosphoric  acid  in  excess  is  derived,  which  will  form 
the  phosphate  usually  characteristic  of  the  ''stone." 
By  a  vegetable  diet  the  blood  is  rendered  alkaline ; 
this  will  enable  the  uric  acid  to  remain  soluble ;  and 
thus,  even  if  a  stone  be  already  formed,  its  progress 
will  be  arrested. 

Tea,  Coffee,  Chocolate,  Wines,  and  Beers,  have  been  so 
amply  and  lucidly  treated  of  by  Johnston  in  his  Che- 
mistry  of  Common  Life,  that  we  need  say  nothing  of 
them  in  this  place,  except  to  remark  that  they  are  all 
undeniably  nourishing,  although  seemingly  incapable 

*  Vebdbil  in  CompUs  Rendut  de  la  Sociiti  de  Biologie,  1849,  p.  71. 
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of  entering  into  the  composition  of  any  tissue,  so  that 
their  physiological  value  is  still  a  mystery. 

There  are  few  facts  better  established  than  that  Tea 
and  Coffee^  no  less  than  Wine  and  Beer,  and  Narcotics, 
increase  the  activity  and  power  of  the  organism,  while 
they  diminish  its  waste.  In  Dr  Booker's  experi]pents 
on  himself,  it  appeared  that  when  for  seven  days,  con- 
secutively, he  drank  only  water  with  insufficient  food, 
he  daily  lost  12  ounces  avoirdupois,  more  than  when, 
with  the  same  amount  of  food,  he  drank  tea.  More- 
over, when  he  took  a  sufficient  quantity  of  food  he 
gained  weight,  if  tea  were  added.  He  found  tea 
veiy  materiaUy  diminish  the  amotmt  of  urea  and 
other  excretions ;  and  it  also  limited  the  amount  lost 
in  perspiration. 

In  Dr  Julius  Lehmann's  experiments  on  himself, 
with  coffee,  similar  results  were  reached.  They  are 
thus  stated  by  Dr  Chambers :  * 

1.  That  coffee  produces  on  the  organism  two  chief 
effects  which  it  is  very  difficult  to  connect  together — 
viz.  the  raising  the  activity  of  the  circulating  and 
nervous  systems,  and  remarkably  retarding  the  decom- 
position of  the  tissues. 

2.  That  it  is  the  reciprocal  modifications  of  the 
empyreumatic  oil  and  caffeine  contained  in  the  bean 
which  call  forth  the  stimulant  effects  of  coffee. 

3.  That  the  lessening  of  the  changes  of  decomposi- 
tion which  this  beverage  produces  in  the  body  is  chiefly 
caused  by  the  empyreumatic  oil. 

*  Chambebs  :  Digettion  and  tit  DerangwiMnU,  p.  249. 
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'*  What  an  important  effect  this  is ! "  exdaims  Dr 
Chambers.  "The  tea  and  coffee  drinker  may  have 
less  to  eat  and  yet  lose  less  weight — wear  his  body 
ont  less — than  the  water-drinker.  At  a  comparatiyely 
small  expense  he  may  save  some  of  the  costly  parts  of 
his  diet,  those  nitrogenised  soUds  that  entail  so  much 
thought,  labour,  and  anxiety  to  obtain."  The  same  is 
true  of  Alcohol,  and  all  the  Narcotics,  as  is  irresistibly 
proved  by  Von  Bibra  in  his  comprehensive  work* 

Let  me  call  attention  to  a  paradox  which  physio- 
logists have  seemingly  overlooked,  namely,  that  the 
physiological  canon  of  **  all  activity  being  dependent 
on  waste  of  tissue,"  seems  here  contradicted  by  a  class 
of  substances  which  notoriously  increase  the  activity, 
and  demonstrably  decrease  the  waste.  It  is  held  that 
every  evolution  of  force  is  produced  by  some  chemical 
change ;  and  every  change  tends  towards  final  decom- 
position. In  a  vast  variety  of  cases  this  is  demon- 
strable. In  the  cases  now  under  consideration  nothing 
of  the  kind  is  apparent — the  tissues  are  more  active, 
and  the  waste  is  lesa  And  what  makes  the  paradox 
more  striking  is  the  fact  that  none  of  these  substances 
enter,  as  such,  into  the  composition  of  the  tissues. 
They  must  be  supposed,  therefore,  to  act  upon  them ; 
but  how  can  they  act  upon  them,  evolving  force,  with- 
out producing  decomposition  ? 

I  instituted  some  experiments  with  a  view  of  deter- 

*  VOK  Bibra  :  Die  narioluchen  OtMutmittel  und  der  Mtmch,  Com- 
pare also  Johnston  :  Chemittry  qf  CcmMon  Life :  '*  The  Narcotics  we 
indulge  in.** 
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mining,  if  possible,  what  the  precise  action  was,  and 
whether  it  W£U3  similar  in  each  case.  The  fact  that  we 
ordinarily  employ  alcohol  to  preserve  animal  prepara- 
tions— to  protect  them  from  that  decomposition  which 
would  otherwise  ensue  if  the  substances  were  left  to 
themselves — suggested  the  idea  that  when  we  drink 
alcohol,  in  wine,  beer,  or  spirits,  the  action  on  our 
tissues  may  be  of  the  same  nature,  only  less  energetic 
If  a  temporary  suspension  of  the  inevitable  process 
of  decomposition  were  effected  by  alcoholic  drinks — ^if 
the  alcohol  acted  on  the  living  as  on  the  dead  tissue, 
and  arrested  its  molecular  changes — we  should  then 
clearly  understand  how  it  is  that  alcoholic  drinks 
diminish  waste,  how  they  are  the  "savings-bank  of 
the  tissues,'*  and  how  they  lessen  the  quantity  of 
food  which  is  needfuL  But  the  mystery  would  still 
remain  how  such  an  arrest  of  change  could  be  coin- 
cident with  an  increase  of  power. 

The  point  I  endeavoured  to  establish  was  this  :  Are 
the  tissues  preserved  by  decoctions  of  Tea,  Tobacco, 
and  Coffee,  in  the  same  way  as  by  Alcohol  ?  The  ex- 
periments gave  a  decided  negative ;  and  I  am  now 
disposed  to  doubt  whether  the  action  of  Alcohol  on 
the  living  tissues,  when  taken  in  the  highly- diluted 
form  of  wine  or  spirits,  has  any  notable  resemblance 
to  that  which  concentrated  Alcohol  has  on  dead  tissue. 
Consequently,  the  mode  of  action  of  tea,  coffee,  and 
narcotics  has  yet  to  be  explained ;  and  when  ex- 
plained, there  will  still  remain  the  paradox  of  in- 
creased activity  with  diminished  waste. 
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We  have  thus  surveyed  the  great  varieties  of  Food, 
and  have  seen  how  far  Science  is  from  any  accurate 
data  respecting  the  nutritive  value  of  separate  sub- 
stances. It  is  doubtful  whether  this  last  requisite 
will  ever  be  attained,  owing  to  the  complexity  of  the 
problem,  and  the  shifting  nature  of  the  data. 

The  nutritive  value  of  any  substance  is  necessarily 
dependent  on  the  relation  of  that  substance  to  the 
organism :  but  that  relation  cannot  be  constant,  be- 
cause the  organism  itself  is  frequently  changing. 
Moreover,  a  substance  which  under  ordinary  circum- 
stances will  be  very  nutritious,  suddenly  fails  to 
nourish,  because  some  other  substance  is  present,  or 
some  other  substance  is  absent.  Whenever  the  ani- 
mal is  a  various  feeder,  variety  in  food  becomes  in- 
dispensable. Majendie  found  that  rabbits  could  not 
subsist  longer  than  a  fortnight  if  fed  on  a  single 
article  of  their  ordinary  food,  such  as  carrots,  or 
cabbages,  or  barley ;  and  Ernest  Burdach  made  the 
following  experiment :  Taking  three  rabbits  not  quite 
full-grown,  but  all  three  from  the  same  litter,  and  as 
nearly  alike  as  possible  in  size,  strength,  colour,  form, 
and  sex ;  to  the  one  he  gave  nothing  but  water  and 
potatoes,  which  were  furnished  in  abundance ;  '  it  ate 
seven  ounces  on  the  first  day,  six  on  the  second, 
and  gradually  less  and  less  ;  its  weight,  which  on 
the  seventh  day  was  161  gros,  was  reduced  by  the 
thirteenth  day  to  93  gros,  when  it  died  completely 
exhausted.  The  second  was  fed  in  the  same  way  with 
barley  ;  it  ate  20  gros  the  first  day,  14  the  third,  and 
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SO  on  less  and  less ;  in  the  fourth  week  it  expired.  The 
third  rabbit  was  fed  on  alternate  days  with  potatoes 
and  barley,  and  its  weight  increased  till  the  nineteenth 
day ;  and  as  its  weight  then  remained  stationary,  in 
the  third  week  both  potatoes  and  barley  were  given 
together,  upon  which  the  weight  continued  to  in- 
crease, and  the  animal  retained  its  original  vivacity/' 

VI.  Thb  Quantity  op  Food. — It  has  long  been  a 
question  what  quantity  of  Food  is  requisite  for  the 
proper  sustainment  and  repair  of  the  oiganism.  like 
most  other  questions  of  the  kind,  it  can  be  answered 
only  in  a  rough  manner,  precision  being  impossible. 
The  differences  of  individual  organisms,  and  the  dif- 
ferent conditions  of  these  organisms,  must  always  in- 
terfere with  any  attempt  at  accurate  estimates.  The 
same  man  must  necessarily  require  more  food  when  in 
activity  than  when  in  repose ;  in  cold  climates  more 
than  in  hot  climates  ;  and  although  we  may  strike  an 
average  which  shall  be  accurate  enough  as  a  matter  of 
figures,  of  what  use  can  an  average  be  in  Physiology  ? 
The  man  to  he  fed  is  not  an  average.  A  hundred  men 
will  consume  an  amount  of  food  which  may  be  accu- 
rately divided  into  a  hundred  parts  ;  but  these  figures 
give  us  no  real  due  to  the  quantity  needed  by  each 
individual ;  and  rations  founded  on  such  estimates  must 
necessarily  be  imperfect,  one  man  receiving  more,  an- 
other less,  than  is  required. 

Individual  experience  can  only  be  valid  for  the  in- 
dividual Valentin,  from  experiments  on  himself, 
found  that  his  daily  consumption  was  rather  more 
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than  six  pounds  of  solid  and  liquid  food  ;  bnt  Comaro 
for  fiffcy-eight  years  took  no  more  than  12  ounces  of 
solid  food,  and  14  ounces  of  light  yrine.  Here  are  two 
individual  experiences  widely  discrepant  It  is  clear  to 
the  physiologist  that  the  very  small  amount  of  solid 
food  taken  by  Comaro  was  partly  compensated  by  the 
nntritive  value  of  the  wine ;  and  partly  by  the  fact 
that  his  moderate  activity  caused  a  less  demand  than 
is  usual  among  men  ;  but  even  when  due  allowance  is 
made  for  such  elements,  we  are  brought  no  nearer  to  a 
correct  estimate,  because  we  have  not  yet  determined, 
and  perhaps  never  shall  determine,  the  nutritive  value 
of  the  different  articles  of  food  ;  so  that  those  elaborate 
arrays  of  weights,  which  many  chemists  and  physiolo- 
gists are  fond  of  producing  as  evidence,  are  vitiated 
by  the  initial  fallacy  of  supposing  that  vital  pheno- 
mena can  be  satisfactorily  reducible  to  arithmetical 
calculation. 

We  are  tempted  to  pause  here  for  a  moment  to 
notice  one  of  the  most  singular  of  these  misleading 
applications  of  arithmetic  to  life.  Both  phrenologists 
and  their  antagonists  constantly  invoke  the  weight  of 
the  brains  of  different  men  and  animals,  as  if  they 
believed  in  an  exact  correspondence  between  so  many 
ounces  of  nervous  matter,  and  so  much  cerebral  acti- 
vity. Nevertheless  they,  at  the  same  time,  maintain 
that  size  is  not  the  measure  of  power,  unless  ''all 
other  things  are  equal/'  Now  the  truth  is  that  "  all 
other  things"  never  are  equal,  in  two  different  brains.* 
Nervous  tissue  is  not  like  so  much  salt  or  chalk,  defi- 

Biographical  Bid.  <if  PMlotophy,  1857,  p.  637. 
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nite  in  composition,  presenting  everywhere  precisely 
the  same  quantities  of  water,  phosphorus,  sulphur^ 
&c, ;  nor  is  it  everywhere  precisely  similar  in  develop- 
meiit ;  the  proportions  and  directions  of  its  fibres 
differing  in  different  brains,  and  at  different  ages 
of  the  same  brain.  Yet  it  is  on  these  two  qualities, 
of  composition  and  development,  that  the  functions 
of  the  brain  will  greatly  depend  for  their  relative  in- 
tensity; and  these  are  not  ascertainable  by  measure- 
ment, or  by  weight.  To  weigh  the  brains  of  two  men, 
with  a  view  of  determining  what  the  comparative 
intellectual  power  of  the  two  men  really  was,  is  as 
chimerical  as  to  weigh  two  men  in  the  scales,  with  a 
view  of  ascertaining  what  amount  of  muscular  energy, 
dexterity,  and  endurance  each  possesses.  Indeed,  the 
error  never  could  have  gained  acceptance  for  a  moment, 
if  a  true  conception  of  biological  philosophy  had  been 
prevalent,  because  such  a  conception  would  have  re- 
pudiated the  attempt  to  explain  vital  or  psychological 
phenomena  by  the  method  effective  only  in  Physics. 

Quitting  these  estimates,  and  interrogating  experi- 
ence, we  find  the  most  singular  and  inexplicable  dif- 
ferences in  the  quantities  of  food  which  individuals 
require,  and  in  the  quantities  which  they  will  consume 
if  permitted. 

As  a  general  rule,  more  is  eaten  in  cold  climates 
than  in  hot  climates ;  but  it  is  by  no  means  clear  to 
me  that  the  reason  of  this  is  the  one  advanced  by 
Liebig  when  he  says,  "Our  clothing  is  merely  an 
equivalent  for  a  certain  amount  of  food ;  the  more 


THE  GLUTTONOUS   RACES.  183 

warmly  we  are  clad,  the  less  urgent  beoomes  the  appe- 
tite for  food,  because  the  loss  of  heat  by  cooling,  and 
consequently  the  amount  of  heat  to  be  supplied  by 
food,  is  diminished."  The  relation  between  cold  and 
food  is  more  complex  than  that ;  and  when  liebig 
refers  to  the  gluttony  of  the  Samoyedes,  he  oyerlooks 
the  gluttony  of  the  Hottentots,  which  is  quite  as  re- 
markable "  If,''  he  says,  "  we  were  to  go  naked  like 
certain  savage  tribes,  or  if  in  hunting  and  fishing  we 
were  exposed  to  the  same  degrees  of  cold  as  the 
Samoyedes,  we  should  be  able  with  ease  to  consume 
half  of  a  calf,  and  perhaps  a  dozen  of  tallow  candles 
into  the  bargain,  daily,  as  warmly-clad  travellers  have 
related  with  astonishment  of  these  peopla  We  should 
then  also  be  able  to  take  the  same  quantity  of  brandy 
or  train-oil  without  bad  effects,  because  the  carbon  and 
hydrogen  of  these  substances  would  only  suffice  to  keep 
up  the  equilibrium  between  the  external  temperature 
and  that  of  our  bodiea'' 

This  sounds  very  plausible  as  long  as  we  confine  our 
attention  to  Samoyedes,  but  it  is  rendered  questionable 
by  the  statement,  recorded  by  Barrow  in  his  Travels  in 
Southern  Afrioay  that  the  Hottentots  are  the  greatest 
gluttons  on  the  fEtce  of  the  earth.  Ten  Hottentots  ate 
a  middling-sized  ox  in  three  days  ;  and  three  Bosjed- 
mans  had  a  sheep  given  them  about  five  in  the  even- 
ing, which  was  entirely  consumed  before  noon  of  the 
followixig  day.  ''They  continued  to  eat  all  night, 
without  sleep  and  without  intermission,  till  they 
finished  the  whole  animal     After  this  their  lank 
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bellies  were  distended  to  such  a  degree  that  they 
looked  less  like  human  beings  than  before/' 

The  inhabitants  of  the  Alpine  regions  of  Lapland 
and  of  Norway  are  not  remarkable  for  their  yoradiy, 
nor  are  the  Icelanders :  a  sufficient  proof  that  mere 
temperature  is  not  the  sole  cause  of  excessive  eating, 
since  such  excess  is.  sometimes  observable  in  hot  cli- 
mates, and  not  always  observable  in  cold  climates. 

Although  Liebig^s  statement  cannot  be  accepted, 
being  indeed  only  one  of  the  conclusions  deduced 
from  his  theory  of  respiratory  food,  there  is  ample 
evidence  to  show  that,  without  referring  excessive 
gluttony  to  cold,  we  are  justified  in  referring  an  in- 
crease of  appetite  to  cold ;  and  the  increase  is  perfectly 
intelligible :  more  exercise  must  be  taken  in  cold 
weather  to  develop  the  necessary  amount  of  animal 
heat,  more  tissue  must  be  wasted,  and  consequently 
more  supply  is  needed  for  repair.  "He  who  is  well 
fed,''  says  Sir  John  Boss,  ''  resists  cold  better  than  the 
man  who  is  stinted;  while  starvation  from  cold  follows 
but  too  soon  a  starvation  in  food."  The  same  writer 
thinks,  that  not  only  should  voyagers  to  the  polar 
regions  take  more  food  than  usual,  but  *'  it  would  be 
very  desirable  indeed  if  the  men  could  acquire  the 
taste  for  Greenland  food,  since  all  experience  has  shown 
that  the  large  use  of  oil  and  fat  meats  is  the  true 
secret  of  life  in  these  countries,  and  that  the  natives  can- 
not subsist  without  it,  becoming  diseased,  and  dying, 
with  a  more  meagre  diet." 

The  accounts  which  travellers  give  of  the  quantity 
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of  food  which  can  be  consumed  are  extraordinaiy.  Sir 
John  Boss  estimates  that  an  Esquimaux  will  eat  per- 
haps twenty  pounds  of  flesh  and  oil  daily.  Compare 
this  with  Valentin's  six  pounds,  or  with  Gomaro's 
twelve  ounces  of  solids  and  fourteen  ounces  of  wine  i 

Captain  Parry  tried,  as  a  matter  of  curiosity,  how 
much  an  Esquimaux  lad,  who  was  scarcely  full  grown, 
would  consume  if  left  to  himself  The  following 
articles  were  weighed  before  being  given.  He  was 
twenty  hours  getting  through  them,  and  certainly  did 
not  consider  the  quantity  extraordinary : 

Lb.  Oz. 

Sea-horse  flesh  hard  frozen,       .        4        4 

„  „    boiled,        ..44 

Bread  and  bread-dust,  .        1       12 


10        4 

To  this  must  be  added  one  and  a  quarter  pint  of  rich 
gravy-soup,  three  wine-glasses  of  raw  spirits,  one 
tumbler  of  strong  grog,  and  one  gallon  one  pint  of 
water. 

Captain  Cochrane,  in  his  Journey  through  Russia 
and  Siberiom  Tartary,  relates  that  the  Admiral 
Saritcheff  was  informed  that  one  of  the  Yakuti  ate  in 
four-and-twenty  hours  the  hind-quarter  of  a  large  ox, 
twenty  pounds  of  fat,  and  a  proportionate  quantity  of 
melted  butter  for  his  drink.  To  test  the  truth  of  this 
statement,  the  admiral  gave  him  a  thick  porridge  of 
rice  boiled  down  with  three  pounds  of  butter,  weighing 
together  twenty-eight  poimds  ;  and  although  the  glut- 
ton had  already  breakfasted,  he  sat  down  to  it  with 

p  2 
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great  eagerness,  and  consumed  the  whole  without  stir- 
ring firom  the  spot  Captain  Cochrane  also  states  that 
he  has  seen  three  Yakutis  devour  a  reindeer  at  a  meal ; 
and  a  calf  weighing  about  two  hundred  pounds  is  not 
too  much  for  a  meal  of  five  of  these  gluttona* 

These  facts  are  curious,  but  of  course  they  throw  no 
light  on  the  question,  how  much  food  an  individual 
requires  to  keep  himself  alive  and  active.  Nor,  indeed, 
has  any  method  yet  been  devised  which  could  eluci- 
date that  point.  We  can  never  feel  confident  that  the 
quantity  taken  is  not  somewhat  more,  or  somewhat 
less,  than  would  really  be  advantageous.  If  a  man 
is  active  on  six  pounds  daily,  he  might  be  perhaps 
stronger  on  six  and  a  half;  and  if  six  and  a  half 
should  prove  the  precise  amount  which  kept  his  weight 
unaltered,  it  would  only  do  so  under  precisely  similar 
conditions ;  and  we  know  that  on  different  days  he 
will  waste  different  quantities  of  tissue. 

Some  caterpillars  daily  eat  double  their  weight  in 
food  ;  a  cow  eats  46  lb.  daily  ;  and  a  mouse  eats  eight 
times  as  much,  in  proportion  to  its  own  weight,  as  is 
eaten  by  a  man.  But  when  such  facts  are  cited,  we 
must  bear  in  mind  the  enormous  differences  in  the 
nature  of  the  foods  thus  weighed,  their  relative  amounts 
of  water  and  indigestible  material  The  same  caution 
is  requisite  in  speaking  of  man's  diet.  It  has  been 
variously  computed.  Sanctorius  estimated  it  at  8  lb.. 
Eye  at  5  lb.  and  7  lb..  Home  at  4  lb.  3  oz.,  and 
Valentin  in  his  own  person  at  6  lb. 

♦  Pereiba  :  On  Diet,  pp.  16,  17. 
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Such  estimates  were  too  contradictory  to  aflford  any 
clue.  The  chemists  bethought  them  of  securing  the 
requisite  precision  by  taking  the  amount  of  carbonic 
acid  expelled  during  the  twenty-four  hours  as  the 
standard  of  the  amount  of  carbon  necessary,  and  the 
amount  of  urea  expelled  in  the  same  period^  as  the 
standard  of  nitrogen  necessaiy.  Tables  were  then 
drawn  up  setting  forth  the  separate  items  of  food 
requisite  to  supply  this  waste.  But,  apart  from  the 
profound  distrust  with  which  such  chemical  reasonings 
should  be  regarded,  there  is  this  separate  source  of  dis- 
trust, that  each  man  necessarily  wastes  different  quan- 
tities of  tissue  under  different  conditions  :  if,  therefore, 
our  analysis  of  food  correctly  represented  the  amounts 
of  carbon  and  nitrogen  assimilated  (which  it  does  not), 
we  should  still  have  to  construct  a  special  table  iot 
each  individual  at  each  season  of  the  vear,  and  under 
varying  conditions. 

The  question  is  really  one  of  importance,  when  we 
have  to  apportion  the  rations  of  paupers,  prisoners, 

soldiers,  and  sailors.    Here  we  are  forced  to  strike  an 

« 

average,  although  we  know  that  on  any  average  one 
man  will  necessarily  have  more,  and  another  less,  than 
is  absolutely  requisite ;  but  the  impossibility  of  arrang- 
ing matters  otherwise,  unless  food  be  so  abundant  that 
it  may  be  left  to  the  discretion  of  each  to  eat  whatever 
amount  he  pleases,  forces  the  adoption  of  some  standard 
which  experience  rectifies  on  the  whole.  Dr  Pereira 
has  furnished  several  dietaries  adopted  for  masses  of 
men,  and  from  these  the  following  is  takea 
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The  scale  of  diet  in  the  Royal  Navy  is  thus  given  in 
the  Regulations : — 

"  There  shall  be  allowed  to  every  person  the  folloTV- 
ing  quantities  of  provisions : — 

Bread, lib. 

Beer,        .....        1  gallon. 

Oocoa, 1 02, 

Sugar,      .....        1^  oz. 

Fresh  meat,      .        .        .  1  lb. 

Vegetables,       .        .        .        .        i  lb. 

Tea^         .        .        .      ,.        .        ioz. 

"  When  fresh  meat  and  vegetables  are  not  issued, 
there  shall  be  allowed  in  lieu  thereof — 

Salt  beef,   J  lb.  "i    alter-    r  Salt  pork,  J  lb. 
Flour,        f  lb.  J  nately  \  Pease,  i  pint. 

And  weekly,  whether  fresh  or  salt  meat  be  issued — 

Oatmeal, i  pint. 

Vinegar, i  pint.'* 

The  daily  allowance  to  the  common  soldier  in  Great 
Britain  is  1  lb.  of  bread  and  f  lb.  of  meat,  making 
together  196  oz.  of  solid  food  weekly ;  for  this  he  pays 
a  fixed  sum,  namely,  6d.  daily,  whatever  may  be  the 
market  price;  He  furnishes  himself  with  other  provi* 
sions. 

As  to  the  quantity  each  man  should  eat  when  unre* 
stricted,  it  is  to  be  determined  by  himself  alone.  We 
are  notoriously  apt  to  eat  too  much,  and  consequently 
waste  much  food,  even  when  we  do  not  injure  ourselves. 
Our  sensations  are  the  surest  guides,  yet  they  do  not 


it 
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always  teU  us  with  sofficieat  distinctoess  when  we  have 
had  enough  :  one  thing  is  veiy  clear,  that  to  force  the 
appetite — to  continue  eating  after  the  stomach  has 
once  suggested  "enough" — ^is  sure  to  be  injurious. 
Hospitable  hosts,  no  less  than  anxious  parents,  should 
refrain  from  pressing  food  on  a  reluctant  appetite ; 
it  is  not  kindness,  although  kindly  meant 

In  closing  here  our  survey,  we  must  confess  that  it 
has  exhibited  few  reliable  scientific  data.  Indeed,  to 
some  readers  it  may  have  seemed  that  our  efforts  have 
been  mainly  revolutionary,  shaking  foundations  which 
promised  security,  and  disturbing  the  equanimity  of 
scientific  speculation.  It  is  a  fact  that  Physiology  is 
at  present  in  too  incomplete  a  condition  to  answer  the 
chief  questions  raised  respecting  Food  ;  and  this  fact 
it  was  desirable  to  bring  into  the  clear  light  of  evi- 
dence ;  for  on  all  accounts  it  is  infinitely  better  that 
we  should  imderstand  our  ignorance,  than  that  we 
should  continue  believing  in  hypotheses  which  enlighten 
none  of  the  obscurities  gathering  round  the  question. 
It  is  in  vain  that  we  impatiently  turn  our  eyes  away  : 
the  darkness  never  disappears  merely  because  we  cease 
to  look  at  it 
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DIGESTION  AND  INDIGESTION. 

Happinew  and  muery  connected  with  the  Digestion — In  what  la 
Bcienoe  distinguished  from  ordinary  knowledge ! — ^The  meohanical 
and  chemical  processes  of  Digestion :  the  former  only  exists  in 
the  simplest  animals — ^What  takes  place  in  the  mouth — Chemical 
action  of  thesaliya — Its  mechanical  action — "Bolting"  the  food — 
Mechanical  action  of  the  stomach — ^The  gastric  juice  :  its  composition 
and  origin— Pepsin  and  acid — ^Action  of  gastric  juice  on  various 
substances — It  arrests  putre&ction — Lesson  against  over-eating — 
Influence  of  &ts  in  Digestion — Influence  of  saliva  in  increasing  the 
gastric  juice — Quantity  of  gastric  jiuce— Chymification  equivalent  to 
boiling— Why  the  gastric  juice  does  not  act  upon  the  stomach  itself 
— Intestinal  Digestion — The  bile  :  quantity  and  composition  of ;  how 
affected  by  &t8— What  is  meant  by  biliousness  f— The  part  played 
by  bile — It  neutralises  the  action  of  gastric  juice,  and  assists  in  the 
absorption  of  fat — The  pancreatic  juice  acts  on  all  substances — The 
intestinal  juice  completes  Digestion — Nature  of  chyle — ^The  varioiu 
Causes  of  Indigestion. 

*'  Let  good  Digestion  wait  on  appetite."  Much  of  our 
happiness  depends  on  health,  and  health  cannot  continue 
withoutdigestion.  Eicbes,  and  honours,  and  the  applause 
of  crowds,  are  but  poor  compensations  for  the  loss  of 
that  perpetual  spring  of  pleasure  which  arises  from  the 
harmonious  activity  of  all  the  functions  ;  and  the  most 
prosperous  of  men  must  envy  children  and  animals 
their  prosperity  of  digestion.    The  misery  of  mankind, 
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springmg  from  many  causes,  is  intensified  by  Indi- 
gestion, which  lessens  the  fortitude  to  endure  calami- 
ties, and  increases  the  tendency  to  indulge  in  painful 
forebodings.  Sorrow,  come  whence  it  may,  is  more 
lightly  borne,  and  is  briefer  in  its  visitations,  when 
the  health  is  vigorous ;  and  it  cannot  be  vigorous 
without  good  Digestion*  To  those  whose  troubled 
secretions  predispose  them  to  gloom  and  fretfiilness, 
small  evils  become  magnified  into  calamities,  and  evils 
anticipated  have  the  force  of  realities. 

The  marvels  of  Nature  are  an  inexhaustible  source  of 
reverence  to  the  reverential  mind,  and  among  these  not 
the  least  marvellous  is  the  admirable  complexity  of  the 
apparatus  on  which  Digestion  depends.  No  sooner  do 
we  become  acquainted  with  this  complexity  than  our 
surprise  is,  not  that  many  of  us,  imprudent  and  reckless 
as  we  are,  should  suffer  firom  derangements  of  that 
function ;  but  that  any  of  lis  should  continue  to  perform 
it  with  success  seven  days  together.  The  more  we 
contemplate  this  mechanism,  the  more  wondrous  it 
appears.  The  more  we  study  the  process,  the  more 
intricate  its  problems  seem.  Formerly  the  process  was 
thought  to  be  very  simple;  increase  of  knowledge 
brought  increase  of  doubt ;  and  now,  whoever  looks 
closely  into  the  results  of  modem  investigation  will  be 
surprised  to  find  how  little  the  enormous  labours  in  all 
directions  have  added  to  our  positive  knowledge.  The 
conquests  of  science  have  consisted  in  explaining  cer- 
tain details  of  the  process,  and  in  analysing  the  whole 
function  of  Digestioii  into  separate  acts. 
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And  here  we  may  panse  to  consider  in  what  scientific 
explancLtion  pectdiarly  consists,  namely,  in  the  discov- 
ery of  those  intermediate  £Eu;ts,  not  obvious,  which  link 
together  the  obvious  phenomena.  Thus  it  is  matter  of 
vulgar  observation  that  cattle  eat  grass,  and  that  this 
grass  returns,  in  the  shape  of  manure,  to  effect  the 
growth  of  fresh  crops.  The  farmer,  in  knowing  this, 
may  be  said  to  know  as  much  as  the  philosopher ;  but 
the  farmer  only  knows  the  facts  which  stand  out, 
visible  to  all — ^the  obvious  arcs  in  the  great  orbit  of 
life ;  whereas  the  philosopher,  not  content  with  these, 
seeks  to  detect  the  hidden  facts — the  intermediate 
links  of  cause  and  effect,  which  constitute  the  chain. 
In  proportion  to  his  success  in  discovering  these 
intermediate  Unks,  and  their  order  of  succession,  he 
approaches  a  8<AmUfio  ea^plancUion  of  the  vnlgar 
observation.  This  scientific  explanation  has  two  great 
advantages :  it  ministers  to  the  intellectual  craving  for 
knowledge,  a  craving  which  gives  man  his  eminence ; 
and  it  ministers  to  his  practical  aims,  increasing  his 
power  over  Nature  by  enabling  him  to  foresee  and  to 
modify  phenomena,  and  to  adapt  them  to  his  uses. 
If  he  learns  that  silica*  is  an  essential  constituent  of 
wheat,  and  that  silica  must  be  in  the  ground  before 
it  can  enter  the  wheat,  he  learns  two  '' intermediate 
facts "  not  at  all  obvious,  which  enable  him  to  adapt 
circumstances  to  his  needs :  if  the  earth  be  deficient 
in  silica,  he  will  add  a  fresh  supply. 

*  SUica  is  the  chief  ingredient  of  flint,  sandstone,  and  many  earthy 
minerals. 
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It  is  the  same  with  Digestion.  Every  one  knows 
that  Food  of  various  kinds  is  taken  into  the  month, 
chewed,  and  swallowed ;  that  it  remains  some  time  in 
the  stomach,  where  it  nndei^oes  certain  changes ;  that 
it  then  passes  into  the  intestines,  and  separates  into 
two  portions,  one  of  which  nourishes  the  body,  while 
the  other  is  ejected  as  waste.  These  are  the  vulgar 
facts.  But  we  cannot  rest  content  with  these.  The 
intellect  craves  knowledge  more  predse,  and  practical 
wants  require  that  the  "  intermediate  &cts  "  should  be 
discovered. 

The  Function  of  Digestion.— The  purpose  of 
Digestion  is  to  make  Blood  To  effect  this  there 
are  many  processes  which,  although  closely  connected 
with  Digestion,  are  not  really  implied  in  it :  such  are 
Chewing  the  food,  and  Absorption.  There  are  many 
animals  which  do  not  chew;  there  are  many  which 
have  no  absorbent  vessels ;  yet  all  these  digest.  The 
function  of  Digestion  is  the  function  of  the  aliment- 
ary canal,  which  canal,  or  tube,  extends  from  the  mouth 
downwards  through  the  whole  trunk.  Digestion  pre- 
pares the  Food  for  its  entrance  into  the  Blood  In 
those  animals  which  chew  their  food  we  perceive  that 
chewing  aids  in  this  preparation  of  the  Food,  and  we 
shall  therefore  include  it  in  our  analysis  of  the  process 
of  Digestion,  although,  strictly  speaking,  it  is  not  more 
digestive  than  cooking,  or  carving. 

In  Digestion  two  kinds  of  processes  concur :  the 
niechani4)al,  such  as  trituration  and  maceration  (or 
rubbing,  and  redudug  to  a  pulp) ;  and  the  chemi- 


194  DIGESTION  AND  INDIGESTION. 

cal  decompositions  and  transfonnations.  My  own  in- 
vestigatio^  have  led  to  the  cnrioi.  &ct  that  ia  the 
simpler  animals,  only  mechanical  processes  are  in 
operation :  it  is  not  till  we  examine  animals  of  a  more 
complex  organisation  that  we  meet  with  chemical  pro- 
cesses in  Digestion ;  these  being  at  first  veiy  feeble,  and 
increasing  in  importance  as  the  organisms  become  more 
complex.*  In  man,  the  chemical  processes  predominate. 
We  shall  touch  on  both  as  they  present  themselyea 

I.  What  takes  place  in  the  Mouth.— Before 
Food  can  enter  the  Blood  it  mnst  be  rendered  soluble. 
It  is  very  solid,  for  the  most  part,  when  taken  into 
the  mouth,  and  must  be  torn  and  ground  by  the  teeth, 
the  result  of  which  is  that  the  Food  is  mashed  and 
moistened  till  it  can  be  swallowed  with  ease.  We 
first  cook  our  beef ;  we  then  cut  it  into  small  pieces ; 
and  finally  we  tear  and  mash  it  with  our  teeth,  in 
which  act  the  saliva  aida  These  are  mechanical  pre- 
parations. 

But  now  the  question  arises,  whether  the  action  of 
the  Saliva  is  purely  mechanical,  aiding  only  in  the 
maceration  of  the  Food,  or  partly  mechanical,  and 
partly  chemical,  ie.  aiding  aUo  in  its  transformation? 
Tina  has  been  hotly  debated,  and  has  given  occasion  to 
an  immense  amount  of  laborious  investigation.  I  will 
answer  it  at  once,  as  I  conceive  the  most  trustworthy 
researches  warrant,   and  afterwards   examine  briefly 

*  As  far  fts  relates  to  the  Sea- Anemones,  these  investigations  are 
recorded  in  Sea-MitU  Studies,  p.  207-217. 
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some  of.  the  argnments  and  experiments  which  have 
been  brought  forward. 

The  action  of  the  Saliva  is  mainly  mechanical.  It 
is  also  chemical,  but  this  in  so  slight  a  degree  that  it 
may  be  dispensed  with  altogether  if  the  food  be  other- 
wise prepared,  and  introduced  directly  into  the  stomach. 
Its  chemical  action  is  limited  to  the  amylaceous  (starchy) 
substances,  changing  a  small  portion  of  them  into  dex- 
trine and  sugar. 

C.  H.  Schultz,  whose  experiments  at  one  time  created 
a  great  sensation,*  assigned  the  whole  process  of 
Digestion  to  the  action  of  the  Saliva.  He  denied  the 
existence  of  any  such  fluid  as  the  gastric  juice; 
declaring  that  what  was  supposed  to  be  gastric  juice 
was  only  saliva  and  the  remains  of  food.  It  is  un* 
necessary  nowadays  to  do  more  than  mention  this 
opimon,  which  is  refuted  by  abundant  experiments.  aU 
proving  that  Saliva  exerts  no  chemical  action  whatever 
on  any  except  starchy  substancea 

Claude  Bernard,  on  the  other  hand — one  of  the 
greatest  experimental  physiologists  of  our  day — main- 
tains that  the  ancients  were  correct  in  assigning  only 
mechanicai  influence  to  the  saliva  in  facilitating  masti- 
cation, taste,  and  swallowing ;  the  chemical  influence 
being  completely  insignificant,  if  not  altogether  absentf 
In  his  ingenious  and  interesting  exposition  of  the 

*  ScHULTZ :  De  Alimeniorum  CoticoeHoMf  p.  34.  The  arguments  are 
reproduced  in  his  curioua  work,  Die  VeijUjigung  des  Menichliehen 
Ld>ens,  p.  77. 

t  BSBHASD :  Lepont  ds  Physiol.  Hxpirimmtale,  ii.  168. 
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phenomena  which  take  place  in  the  mouth,  he  maintains 
that  the  three  separate  liquids  which  issue  from  the 
three  separate  glands — the  parotid,  in  the  cheek,  the 
suUingucU,  under  the  tongue,  and  the  svbmaanUary, 
in  the  lower  jaw  (see  p.  230,  Fig.  7,  |),  q,  and  g) — 
have  distinct  offices : — 

1.  The  office  of  the  parotid  secretion  is  to  assist 
chewing. 

2.  The  office  of  the  sublingual  secretion  is  to  assist 
swallowing. 

3.  The  office  of  the  submaxillary  secretion  is  to  assist 
taste. 

A  mixture  of  these  three  secretions  with  that  &om 
the  mucous  membrane  of  the  mouth,  constitutes  Saliva; 
and  it  is  this  Saliva  which  alone  exerts  the  slight 
chemical  action  that  ever  does  take  place  ;  or,  in  other 
words,  it  is  only  the  mucous  secretion  which  can  act 
chemically  on  starchy  substances,  the  other  three  secre- 
tions separately,  or  mingled,  being  altogether  without 
such  chemical  action.  It  is  on  this  that  Bernard  founds 
his  assertion  that  the  Saliva  has  no  part  to  play  in 
the  chemical  processes  of  Digestion — an  error  in  logic, 
I  conceive  ;  but  let  us  see  the  results  of  experiment 

The  first  person  who  distinctly  detected  the  chemi- 
cal action  of  Saliva  was  Leuchs.*  He  found  that  in  a 
few  hours  it  converted  a  mass  of  cooked  starch  into 
sugar.  This  was  subsequently  confirmed  by  Schwann, 
in  a  celebrated  paper,  t  wherein  he  argued  that  inasmuch 

*  BUBDACH  :  TratU  de  Pkyttoloffie,  iz.  268. 
t  MuLLEB*8  Archiv,  1836,  quoted  by  BuRDAOH. 
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as  the  gastric  juice  was  incompetent  to  effect  any  change 
whatever  in  starch,  the  sugar  found  in  the  stomach  of 
animals  who  have  had  none  given  in  their  food, 
necessarily  came  from  the  action  of  the  Saliva  on 
starch. 

It  should  be  remarked  that  these  observations  have 
not  the  cogency  they  were  generally  supposed  to  have, 
for  nothing  is  better  established  than  that  many  animal 
substances  have  the  power  of  transforming  starch  into 
sugar ;  indeed,  the  aJtUrability  of  cooked  starch  is  so 
great,  that  almost  any  influence  suffices  to  change  it 
into  dextrine  (a  substance  having  the  same  elementary 
composition,  but  different  properties),  and  the  dextrine 
into  glycoae  (starch-sugar). 

The  researches  of  Mialhe*  gave  a  new  aspect  to  the 
question.  He  established  the  important  fact  that 
starch  paste  was  changed  into  sugar  in  less  than  a 
minute  in  the  mouth ;  as  the  sweet  taste  sufficiently 
indicated.  It  is  this  rapidity  of  action  which  dis- 
tinguishes the  Saliva  from  other  organic  substances 
(except  the  pancreatic  juice),  and  which  therefore 
confirms  the  position  of  Leuchs  and  Schwann.  The 
same  result  is  obtained  out  of  the  organism.  Mix  a 
little  starch  paste  with  Saliva,  and  it  will  very  rapidly 
be  converted  into  sugar.  Mialhe  conceived  the  idea 
that  this  action  was  due  to  a  particular  organic  agent, 
similar  to  that  known  as  the  diastase  of  vegetables — 
an  idea  too  plausible  not  to  find  ready  acceptance  ;  it 

*  MiAZ^HE :  Mintoire  swr  la  Diffotum  et  CAtsimUoHon  da  SubHancet 
amylacfes  el  tucries,  1846. 
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« 

is,  however,  now  given  np  by  the  best  authorities,  and 
Bernard  has  shown  that  fibrine  and  gluten,  in  a  state 
of  decomposition,  but  before  putrefaction  has  set  in, 
acquire  this  very  property  of  converting  starch  into 
sugar — ^whereupon  he  concludes  that  what  is  called 
vegetable  diastase  is  really  nothing  but  the  spontane- 
ous decomposition  of  the  gluten.* 

That  a  chemical  action  takes  pkce  in  the  mouth, 
during  the  ordinary  process  of  eating,  is  very  easily 
shown.  Let  the  reader  take  a  piece  of  ordinary  bread, 
and  he  will  perceive  that  when  it  is  first  introduced 
into  the  mouth  no  trace  of  sweetness  is  discernible  for 
a  few  seconds ;  but  as  it  rolls  over  the  tongue,  and  the 
saliva  mixes  with  it,  a  gradually  increasing  sweetness 
is  discernible ;  in  from  30  to  45  seconds  a  decided 
transformation  into  sugar  has  taken  place.  Moreover, 
he  will  find  that  those  portions  of  the  bread  which  have 
got  fixed  between  his  teeth,  and  have  thus  been  retained 
longer  under  the  influence  of  the  Saliva,  are  noticeably 
sweeter  than  bread  is  wont  to  be. 

The  fact  that  Saliva  does  convert  starchy  substances 
into  sugar  is  thus  placed  beyond  dispute.  The  researches 
of  Bonders,  Jacubo  witch,  Bidder,  and  Schmidt,"f-  more- 
over, show  that  if  the  Saliva  be  prevented  firom  enter- 
ing the  stomach,  and  starch  paste  be  introduced  into 
the  stomach  through  an  opening,  no  sugar  is  formed. 
Their  conclusion  is  this :    Although  many  organic 

*  Bernard  :  Lepons,  ii.  161. 

t  DoxDERS :  Physiologie,  i.  192.  Bidder  and  ScHiiiDT :  DU 
VerdawmffuUjte  und  der  StoffyoecJuelf  p.  15,  teq.  This  latter  work  is  the 
must  elaborate  ever  published  on  the  digestive  fluids,  and  will  be 
lax^ly  laid  under  contribution  in  our  pages. 
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substances  conTert  starch  into  sngar,  none  do  so  with 
the  rapidity  of  the  saliva  and  the  pancreatic  juica 

Starch  itself  is  not  assimilabla  It  must  be  changed 
into  dextrine  and  sugar  before  it  can  pass  through  ani- 
mal membranes,  and  enter  the  Blood  Now,  inasmuch 
as  the  starchy  substances  form  an  important  class  of 
our  aliments  (see  Food  and  Dsinx:),  the  chemical  in- 
tervention of  Saliva  in  the  digestive  process  is  apparent 

We  have  thus  arrived  at  a  very  different  conclusion 
from  that  of  Schultz,  who  attributes  to  the  Saliva  the 
whole  of  the  chemical  transformations  in  Digestion ; 
and  from  that  of  Bernard,  who  denies  that  any  chemi- 
cal transformations  are  effected  by  it  The  truth  is, 
that  no  albuminous  substance  is  transformed  by  the 
Saliva,  and  that  all  starchy  substances  are  attacked  by  it. 

Nevertheless  we  must  not  exaggerate  this  influence 
It  is  only  a  small  portion  of  the  starch  which  is  nor- 
mally acted  on  by  the  saliva,  either  in  the  mouth  or  in 
the  stomach  ;  the  greater  portion  is  transformed  in  the 

• 

intestines  by  the  action  of  the  pancreatic  juice  and 
intestinal  juice.  In  consequence  of  this,  the  action  of 
the  salivaiy  glands  may  altogether  be  dispensed  with. 
When  they  are  cut  out,  or  when  their  secretion  is 
prevented  from  flowing  into  the  mouth,  the  animal 
seems  to  suffer  no  material  inconvenience.*  And 
Bidder  and  Schmidt  have  made  the  curious  discovery 
that  in  young  animals,  during  the  period  of  suckling, 
the  salivaiy  glands  have  no  secretion  whatever.  *f- 
Having  vindicated  the  chemical  character  of  this 

*  BUDOE :  Memoranda  der  ipecieUen  PhytioloffU,  p.  83. 
f  Bidder  and  Scbmidt,  p.  22. 
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secretion,  we  most  now  remark  that  its  Tnechanuxd 
character  is  the  most  important  The  amount  of 
trajisformation  is  insignificant ;  but  the  amount  of 
mxicercLtion  which  the  food  receives  in  the  mouth,  by 
the  combined  action  of  the  teeth  and  saliva,  is  very 
important,  as  a  preliminary  towards  the  indispensable 
solution,  which  all  food  must  undergo. 

"  It  is  much  easier  to  supply  the  place  of  chewing  by 
mechanical  preparation  in  animal  food  than  in  vege- 
tabla  We  can  grind  things  small,  but  we  cannot  make 
artificial  saliva.  Kitchen  science  may  prepare  the 
former  for  the  stomach,  but  not  the  latter.  Indeed, 
the  cooking  of  starchy  foods  for  weak  stomachs  oflen 
makes  them  more  indigestible,  by  reducing  them  from 
a  solid  to  a  fluid  form,  and  thus  enabling  them  to  be 
swallowed  without  that  manipulation  in  the  mouth 
which  elicits  a  flow  of  its  secretions.  The  best  form  in 
which  starch  can  be  taken  is  one  in  which  the  envel- 
ope of  the  granule  has  been  ruptured  by  heat,  and  the 
whole  mass  made  light  so  as  to  be  capable,  by  masti- 
cation, of  being  broken  up  and  fermented  equally  by 
fluids,  but  not  capable  of  skipping  over  the  salivary 
admixture,  and  being  swallowed  without  mastication. 
Such  are  good  stale  bread,  mealy,  well-boiled  potatoes, 
thoroughly  cooked  cabbages.:  such  are  not  new  rolls, 
waxy  potatoes,  &c.,  which  mastication  merely  makes 
into  small  solid  tough  lumps ;  or  gruel  and  sago,  and 
other  slops,  which  annoy  the  dyspeptic,  though  so  often 
forced  upon  him  by  his  female  friends."  * 

*  Chaicbkbs*8  Diffutum  and  iU  DeranffementM,  p.  381. 
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There  are  animals  that  boU  their  food.  There  are 
human  beings  who  imitate  these  animals ;  but  it  is  to 
be  hoped  that  they  have  potent  stomachs,  since  they 
thus  throw  upon  that  organ  an  amount  of  extra  labour, 
which  would  better  have  been  executed  by  the  mouth. 
The  food  must  be  rubbed  and  macerated  somewhere. 
If  the  mouth  does  not  begin  this  process,  the  stomach 
must  do  it  alL 

IL  Stomachal  Dioestion. — ^The  food  reaches  the 
stomach  in  a  state  approaching  that  of  pulp,  and  with 
a  slight  chemical  change  in  its  starchy  elements. 
Formerly  it  was  thought  that  the  stomach  did  alL 
Digestion  was  thought  to  be  the  function  of  the 
stomach,  and  of  it  alone.  But  recent  researches  have 
profoundly  modified  this  conception;  they  have  cir- 
cumscribed the  action  of  the  stomach  to  that  of  a  still 
further  preparatoiy  process,  the  completion  of  which 
must  be  sought  in  the  intestines. 

Our  knowledge  of  the  stomachal  process  has  been 
rendered  more  accurate  and  extensive,  owing  to  a  for- 
tunate accident  which  befeU  the  Canadian  known  all 
over  Europe  as  Dr  Beaumont's  patient  This  man, 
Alexis  St  Martin  by  name)  had  a  large  hole  in  his 
stomach  caused  by  the  discharge  of  a  gun.  He  re- 
covered perfect  health,  the  wound  healed,  but  the  open- 
ing remained,  and  this  opening  was  used  by  Dr  Beau- 
mont for  observation  and  experiment.  He  has  recorded 
the  results  in  a  well-known  work  *    Since  then,  another 

*  Beaumont  :  Ezperimentt  and  Observaiiont  on  the  G^ulric  Juice ;  1838. 
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case  has  fallen  into  scientific  hands.  Dr  Schroeder  and 
Dr  Griinewaldt,  at  different  periods,  experimented  on  an 
Esthonian  woman,  with  what  results  we  shall  hereafter 
learn.*  And  quite  recently  Alexis  St  Martin  has  again 
become  the  subject  of  experiment  in  the  hands  of  Dr 
Francis  Smith  of  Philadelphia.^  The  value  of  these 
cases  cannot  be  oveivestimated ;  and  the  results  have 
been  compared  with  observations  on  animals,  since 
Blondlot  conceived  the  happy  idea  of  establishing  an 
artificial  fistula  in  dogs,  through  which  gastric  juice 
might  be  obtained  when  wanted,  and  substances  intro- 
duced into  the  stomach,  or  removed  from  it  directly. 

1.  The  Tnechanicdl  action  of  the  stomach. — ^If  we 
examine  the  stomach  of  a  fasting  animal  we  find  its 
lining  walls  are  pale  and  fiabby,  lying  close  together, 
and  only  separated  from  each  other  by  a  layer  of  mucus 
and  saliva. 

It  was  this  appearance  which  suggested  the  idea  that 
the  sensation  of  Hunger  was  due  to  the  rubbing  of  the 
coats  of  the  stomach ;  ^n  idea  which  we  saw  in  the  first 
chapter  to  be  altogether  erroneous. 

The  arrival  of  the  food  changes  this  condition.  The 
contractions  of  the  ceaophagv^  or  gullet  (see  p.  230, 
Kg.  7,  cb),  force  the  food  into  the  stomach  (E),  which 
distends  its  walls.    This  distension  goes  on  increasing 

*  SOHROBDBR :  Suoci  ffditrict  ffumani  vis  digcsliva,  1853.  Grunb- 
WALDT :  Ditq.  de  tuceo  gatirico  Humano  ope  fiH\d<B  tiomaduUii  inda^ 
gala,  1853.    I  know  those  works  only  at  aeoond  hand. 

t  His  memoir,  originally  published  in  the  Philadelpfiia  Medical 
Examiner,  has  been  translated  in  BROWN  Skquard's  Journal  de  la 
I'hjfiioloffie,  i.  144. 
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and  increasing  as  fast  as  fresh  supplies  arrive.  Gradu- 
ally the  distension  becomes  more  and  more  difficult, 
and  this  creates  a  sense  of  falness,  which  warns  us  to 
desist  from  eating.  The  blood-vessels  of  the  stomach 
have  now  become  swollen ;  the  secretions  are  pouring 
in  actively ;  the  whole  condition  of  the  stomach  is 
changed,  and  its  muscular  activity  is  roused. 

This  muscular  activity  is  important,  being  to  sto- 
machal digestion  what  the  action  of  the  teeth  is  in 
the  preparation  which  takes  place  in  the  mouth.  The 
lining  of  the  stomach  is  a  mucous  membrane — a  con- 
tinuation, indeed,  of  that  which  lines  the  mouth,  but 
differing  from  it  in  the  peculiar  glands  which  charac- 
terise some  regions  of  it  Under  this  mucous  mem- 
brane lies  a  muscular  coat ;  this  muscular  coat  gives, 
by  the  alternate  contraction  and  relaxation  of  its  fibres, 
a  rotatory  movement  to  the  food.  According  to  Dr 
Beaumont's  graphic  expression,  the  food  is  churned  in 
the  stomach,  carried  round  and  round  from  right  to 
left  around  the  large  end,  and  from  left  to  right  along 
the  large  bend,  returning  along  the  small  bend.*  In 
this  churning  movement  the  food  is  not  only  well 
"  ground,"  but  is  more  and  more  mixed  with  the  gas- 
tric juice.  The  process  may  be  compared  to  the  rolling 
about  of  the  food  in  the  mouth  by  the  tongue. 

Blondlot  maintains  that  this  trituration  and  macera- 

*  This  rotation  has  beon  denied  by  Betz,  who  says  the  disposition  of 
muscular  fibres  in  the  stomach  is  against  it. — CaN'STAtt,  Jahresheric/U, 
1853^  p.  147.  But  it  seems  difficult  to  admit  that  Beaumont  could 
hare  been  mistaken  when  he  says  he  sate  the  food  thus  rotate. 
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tion  constitute  the  whole  of  stomachal  digestion  :  the 
food  is  rendered  liquid  without  being  chemicaUy 
altered,  I  hare  shown  this  to  be  the  case  in  the 
digestive  process  of  the  Adinice  ;  but  in  all  the  higher 
animals  there  is  ample  evidence  of  a  positive  chemical 
change  taking  place.    And  this  we  shall  now  consider. 

2.  The  chemical  action  of  the  stotruich.  —  Before 
fidamnur  instituted  his  experiments,  it  was  held  that 
the  stomach  merely  ground  the  food  to  a  pnlp,  by  the 
action  of  trituration  or  rubbing.  He  tested  this  opin- 
ion in  a  very  ingenious  way,  considering  that  the  back- 
ward state  of  chemistiy  could  furnish  him  with  none 
of  the  means  now  at  our  disposal  He  filled  hollow 
silver  balls  with  meat,  and  perforating  them  in  several 
places,  caused  a  dog  to  swallow  them.  After  they  had 
remained  some  time  in  the  stomach,  he  withdrew  them 
by  means  of  a  thread.  K,  he  argued,  the  digestive 
process  were  merely  mechanical,  the  meat,  protected 
by  the  silver  covering,  would  not  be  altered  ;  if,  how- 
ever, the  process  were  chemical,  the  solvent  fluid  would 
have  penetrated  through  the  holes  and  acted  on  the 
meat ;  and  so  indeed  it  proved — ^the  meat  was  entirely 
chymijied  ;  that  is,  made  into  a  pulp. 

After  this  the  gastric  juice  itself  was  obtained,  and 
R^umur  and  Spallanzani  commenced  that  long  series 
of  experiments  on  artificial  digestion  which  is  not  yet 
nearly  concluded. 

The  stomach  is  lined  by  a  mucous  membrane.  If 
we  examine  this  membrane  under  the  microscope,  we 
find   it   crowded  with   minute  finger-shaped   tubes. 
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These  «te  the  gaairic  follicles,  or  secreting  glands,  from 
which  the  gaatxic  jnice  is  ponied  into  tlie  cavit;  of  ibe 
stomaoh,    directly   the    mem-  '  fik-  4. 

brane  is  irritated  by  the  pre- 
sence of  food  (or  indeed  of  any 
other  substance). 

Thirty-one  poanda  daily  are 
said  to  be  secreted  from  these 
glands  in  a  healthy  adnlt ! 
Besides  this  gastric  juice  which 
flows  on  the  entrance  of  food 
into  the  stomach,  there  is  also 
present  a  secretion  of  macas 
from  the  membrane,  and  the 
saliva,  which  is  constantly 
being  swallowed. 

It  would  lead  ns  too  far,  ^"™^^" 
and  into  questions  of  too  tech-  J^J^™^* 
nical  an  interest,  to  examine  A.l'^^frc 
the  disputes  which  gather 
round  the  questions  —  What 
constitutes  the  gastric  juice? 
and,  What  is  its  origin  ?  For  ilJJ'iS^™.'"'^" *""'"''* 
us  it  is  enough  to  know  that  the  gastric  juice  is  an 
acid  secretion,  containing  in  all  probability  hydrochlo- 
ric and  lactic  acids,  containing  also  a  peculiar  organic 
substance  named  p^mn.*    The  acids  and  the  pepsin 

*  Th*  ftudsDt  ma;  oonmlt  tbe  great  work  of  BmDBR  «iid  ScBHmt. 
Dit  Verdau<au)»afte;  Ixsau-vrfn  and  Mulder's  Treatises  on  Organic 
Chemiitry;   DoSDEBa:   Phftiulogiej  Cbaubebb:  DiffatioH  and  iU 
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act  chemically  upon  meats — ^that  is,  upon  all  albumin- 
ous and  gelatinous  substances— converting  them  into 
peptones.  These  peptones  have  all  certain  properties 
in  common,  no  matter  how  various  the  substances  from 
which  they  are  derived ;  and  it  is  owing  to  these  pro- 
perties, not  possessed  by  the  substances  from  which 
they  are  formed,  that  they  are  capable  of  being  absorbed 
and  assimilatecL 

Neither  the  acid,  nor  the  pepsin,  exerts  more  than  a 
slight  chemical  influence  on  two  great  classes  of  Ali- 
mentary Principles,  the  Sugars  and  the  Fats.  Cane- 
sugar  is  changed  into  grape-sugar,  owing,  Dr  Harley 
believes,  to  the  presence  of  a  &ee  acid  :  and  fatty  adds 
are  sometimes  developed  from  the  fats.  We  may 
therefore  set  aside,  for  the  moment,  all  starch,  sugars, 
fats,  and  oils,  which  form  so  large  a  proportion  of  our 
food,  and  fix  our  attention  exclusively  on  the  albumin- 
ous substances.  It  is  these  which  mainly  undergo 
chemical  change  in  the  stomadu  And  we  shall  find 
that  even  these  are  not  greatly  changed ;  so  that  the 
popular  idea  of  the  stomach  being  the  chief  organ  of 
Digestion  will  have  to  be  considerably  modified. 

During  the  churning  motion  just  described,  the  food 
is  gradually  mixed  up  with  the  fluids  of  the  stomach. 
In  consequence  of  this  complete  satu/ration  it  is  re- 
duced to  a  pulpy  mass — ^the  Chyme;  and  as  it  becomes 
more  and  more  churned — more  and  more  of  semi-liquid 

DeroMgemenit ;  LoKOET :  Physklogie;  Blondloi^s  TrwiU  de  la  DigtB- 
tion,  and  his  Memoirs  in  Brown  SEQUARiys  Journal ;  and  Bbbnabd*8 
Leff<m9  de  Phyt.  £xpirimentai€,  ii. 
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coDsistence — it  passes  into  the  small  intesUnes,  there 
to  ondergo  fresh  changes.  If  we  ezamme  this  pulpy 
mass  of  Chyme  just  as  it  quits  the  stfnnach,  we  shall 
find  that,  however  altered  to  tlie  eye,  its  alterations  have 
been  for  the  most  part  physical,  and  hot  slightly  chemi- 
cal. That  is  to  say,  the  Jleah  haa  become  macerated,  the 
musch-fhres  hare  become  dissociated  and  broken  into 
fragments,  and  the  cellular  tissue  is  dissolved ;  bnt 
many  of  these  muscle-fibres  retain  their  primitive 
stntctnre ;  the^  is  liquefied,  but  not  often  otherwise 
altered — not  even  emulsified ;  and  the  gelatine  has 
become  liquid  pepton& 


■  TAKM  WtLOU  TRR  riLOdC  tUB  OT  A  I>D*'>  STOHliai.     O,  nill' 

r  fibre  from  wbidi  Iba  IraDinn*  nurliiniii  ' 
loKuki  flbn  in  wbkh  iliw  Dubinin  its  r 
h  iW  »™  P"f«i!  A  globulM  ol  tit;  «  •w 
nuww.— Atur  Cliuda  Btiuid. 
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This  is  what  the  microscope  reveals,  and  this  is 
assuredly  not  a  digested  mas& 

Blondlot,  indeed,  declares  that  the  Chymification  we 
have  been  describing  is  the  sole  digestive  process ;  and 
Chymification,  according  to  him,  is  nothing  but  render- 
ing the  food  soluble.  Bernard  takes  a  different  view : 
Ch3rmification  he  regards  as  only  one  part  of  the 
digestive  process,  and  that  exclusively  confined  to  the 
albuminous  and  gelatinous  substances,  on  which  its 
action  is  precisely  analogous  to  that  of  toiling. 

If  we  attend  closely  to  what  goes  on  in  the  stomach, 
as  reported  by  all  the  most  trustworthy  observers,  we 
cannot,  I  think,  come  to  any  other  conclusion  than 
this  :  Chymification  is  mainly  a  physical  process,  but 
is  also  partly  chemical ;  it  liquefies  and  minutely 
divides  one  portion  of  the  food,  and  it  chemically 
transforms  the  other. 

Against  the  purely  physical  hypothesis  there  is  one 
axgmnent  which  seems  to  me  overwhelming :  Liquid 
albumen  is  very  slightly  absorbable,  and  not  at  all 
assimilable ;  but  when  acted  on  in  the  stomach,  it 
becomes  readily  absorbable  and  assimilable.  It  seems, 
moreover,  certain,  that  albumen  is  absorbed  in  small 
quantities  from  the  stomach.  The  fact  that  the  greater 
part  of  this  substance  passes  undigested  into  the  in- 
testine, is  no  argument  against  the  action  of  the 
stomach.  The  mouth  begins,  but  does  not  complete, 
the  conversion  of  starchy  substances;  the  stomach 
begins,  but  does  not  complete,  the  conversion  of 
albumen. 
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Albumen,  on  entering  the  stomach,  is  coagulated, 
and  rendered  insoluble  in  water.  It  must  of  course  be 
again  made  solubla  This  is  effected  by  the  gastric  j  uice, 
which  conyerts  it  into  a  peptone,  not  only  soluble^  but 
now  incapable  of  coagulation. 

If  by  heat  you  coagulate  the  albumen  of  the  white 
of  egg,  and  then  dissolve  it  again,  you  can  once  more 
coagulate  it  by  the  application  of  heat.  The  change 
has  been  simply  physical :  the  albumen  was  liquid, 
you  made  it  solid ;  you  can  make  it  liquid  again,  and 
solid  again ;  as  you  can  turn  water  into  ice,  and  ice 
into  water.  But  you  cannot  do  this  with  the  peptone- 
albumen.  That  has  undergone  a  cheniical  change,  and 
has  become  a  new  body :  it  is  soluble  in  water  now, 
or  in  diluted  alcohol  (not  in  concentrated  alcohol) ; 
and  is  incapable  of  coagulation,  and  of  forming  in- 
soluble  compounds  with  eaUs. 

The  gastric  juice  which  does  this,  does  so  in  virtue 
of  its  acid  and  its  pepsin,  acting  together.  Separately, 
these  agents  have  no  such  power.  In  artificial  diges- 
tion, if  the  add  be  neutralised  by  an  alkali — ^say  the 
carbonate  of  soda— the  action  of  the  gastric  juice  is 
immediately  suspended,  to  be  resumed  immediately  on 
the  addition  of  acid.  Bidder  and  Schmidt  have  shown 
that  the  digestive  power  of  the  gastric  juice  is,  up  to  a 
certain  limit,  in  direct  ratio  to  its  amount  of  acid. 
Nevertheless  it  is  not  the  acid  alone  which  is  operative. 
This  is  easily  proved.  Submit  the  gastric  juice  to  a 
temperature  of  212^  Fahr.,  and  it  loses  all  its  diges- 
tive power  whatever  \  not  because  the  acid  has  been 
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destroyed,  but  because  the  pepsin  has  been  destroyed. 
Pepsin  is  an  organic  substance  which  acts  as  a  ferment ; 
now,  Chemistry  teaches  us  that  at  212*"  such  organic 
substances  coagulate,  and  when  coagulated  they  cease 
to  act  as  ferments. 

Freezing  the  gastric  juice  has  no  such  influence. 
Bidder  and  Schmidt  found  that  when  frozen  it  dissolved 
albumen  as  well  as  before— which,  as  they  remark, 
must  be  a  great  comfort  to  the  admirer  of  ices. 

3.  Oastric  Juice. — Gastric  juice  is  distinguished 
from  among  all  other  animal  fluids  by  its  stability :  it 
resists  decomposition  longer  than  any  other  animal  fluid 
Nor  does  it  lose  its  digestive  virtue  even  when  mouldy. 
One  peculiarity  must  be  insisted  on,  namely,  its  power 
of  arresting  the  jmtrefaction  of  other  organic  sub- 
stancea  It  is  to  this  that  we  owe  the  impunity  with 
which  we  eat  "high''  game  and  putrefying  meat 
Another  curious  fact  is,  that  although  the  addition  of 
organic  acids  increases  the  digestive  power  of  this  fluid, 
there  is  a  limit  at  which  this  increase  ceases,  and  be- 
yond it,  excess  of  acid  suspends  the  whole  digestive 
power.  The  power  is  also  arrested  by  the  presence  of 
too  large  a  quantity  of  organic  substances,  or  peptones. 

In  this  latter  fact  there  is  a  lesson  against  t)ver-^ating. 
Digestion  is  impeded  by  too  large  a  meal,  first,  in  the 
arrest  of  the  action  of  the  gastric  juice  ;  and  next,  in 
overloading  the  stomach  with  more  than  it  can  properly 
move.  There  is  another  fact  mentioned  by  Lehmann,* 
which  is  fertile  in  suggestion,  namely,  that  the  addition 

*  Lebmanv  :  Physiol,  CKemUt  ii.  47. 
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of  water,  so  far  £rom  weakening,  increases  the  power 
of  the  gastric  juice.  In  this  fact  we  see  the  impro- 
priety of  that  advice  so  often  given  by  writers  on 
Dietetics,  to  abstain  from  drinking  at  dinner, ''  because/' 
as  they  assert,  "  liquid  dilutes  and  weakens  the  gastric 
juica"  Plausible  as  this  assertion  is,  we  see  that  it  is 
directly  contraiy  to  fact.  Our  best  guide  in  such  cases 
is  instinct ;  our  sensations  tell  us  when  to  drink,  and 
when  to  leave  off  drinking ;  and  we  may  rest  assured 
that  until  Science  can  reconcile  its  dicta  with  the  dicta 
of  instinct.  Science  has  still  something  to  seek.  As 
Goethe  says  in  Hermann  und  Dorothea : 

"  Ich  tadle  nicht  gem  was  immer  dem  Menachen 
Ftir  unschftdliche  Triebe  die  gute  Matter  Natur  gab. 
Denn  was  Yentand  und  Yemunft  nicht  immer  vermdgen,  Ter- 

mag  oft 
Solch  ein  glttddicher  Hang,  der  unwiderstehlich  uns  leitet."  * 

Curiously  enough,  the  digestion  of  albuminous  sub- 
stances is  aided  by  the  presence  of  foL  Whether  this 
influence  is  simply  one  of  contact  {catalysis,  as  the 
chemists  say),  or  whether  the  fat  itself  undergoes  some 
slight  chemical  change,  is  undetermined  ;  and  at  any 
rate,  the  quantity  changed  must  be  so  small  as  to 
escape  our  estimate.  The  fact  having  been  ascertained, 
we  are  led  to  specidate  on  its  application.  May  not 
the  custom  of  our  eating  bacon  or  ham  with  chicken, 

*  Of  which  the  reader  must  accept  the  following  prose  version : — "  I 
do  not  readily  blame  any  harmless  impulse  which  the  kind  Mother, 
Nature,  has  given  to  man.  For  often,  the  end  which  the  miderstanding 
and  reason  are  unable  to  attain,  is  arrived  at  by  a  happy  instinct  or  in- 
clination irresistibly  loading  us.'' 
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and  not  with  dncks  and  geese,  have  something  to  do 
with  it  ? 

Saliva  also  lends  its  aid  in  the  digestion  of  albamin- 
ous  substances,  although  incapable  of  itself  acting  on 
them.  Bidder  and  Schmidt,  indeed,  found  that  it 
hindered  the  digestion  of  coagulated  albumen;  but 
Donders  found  that  cooked  flesh  was  more  rapidly 
digested  when  saliva  was  mingled  with  the  gastric 
juice,  than  when  the  gastric  juice  alone  was  used  ;  and 
even  coagulated  albumen  was  seen  to  be  more  rapidly 
digested  when  the  gastric  juice  was  made  alkaline  by 
the  addition  of  saliva,  in  the  case  of  the  Esthonian 
peasant  previously  mentioned.* 

The  preceding  paragraph  suggests  a  serious  doubt 
respecting  the  current  theories  on  the  chemistiy  of 
Digestion,  and  is  apparently  subversive  of  all  those 
experiments  which  went  to  show  that  digestive  power 
was  intimately  connected  with  the  acid  in  the  gastric 
juice.  And  I  am  the  more  disposed  to  call  attention 
to  this  difficulty,  because  nothing  is  more  certain  than 
that  a  large  quantity  of  alkaline  saliva  is  normally  pre- 
sent in  the  stomach,  yet  in  spite  thereof  we  know  that 
digestion  goes  on ;  while  it  is  equally  certain  that  out- 
side the  organism,  in  artificial  digestion,  alkalies  arrest 
the  power  of  the  gastric  juice.  Here  are  two  contra- 
dictory facts :  the  alkaline  saliva  is  found  not  to  arrest 
Digestion  in  the  stomach,  and  alkalies  are  found  to 
arrest  it  out  of  the  stomach.    Can  they  be  reconciled  ? 

In  a  former  chapter  (see  p.  112)  attention  was  called 

*  D0NDXB8 :  Phyiiologii,  L  219. 
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to  the  complicatiott  of  all  Tital  problems  by  the  neces- 
sary interference  of  the  organism  itself.  We  have  an 
illustration  in  Digestion.  In  the  orgwniam,  although 
the  alkali  of  the  saliva  may  neutralise  a  certain  amount 
of  the  acid  of  the  gastric  juice,  it  stimulates  the  gas- 
tric follicles  to  an  increased  secretion,  so  that,  over 
sDd  above  the  qnantity  neutralised,  there  is  a  larger 
quantity  of  gastric  juice  produced  for  the  purposes  of 
Digestion ;  and  thus  in  the  organism,  saUva  has  prac- 
tically a  contrary  result  from  that  which  it  produces 
out  of  the  organism. 

Nor  is  this  a  mere  hypothesis,  without  the  warrant 
of  analogy ;  for  if  carbonate  of  soda  be  administered 
with  iron,  the  iron  is  more  rapidly  attacked  by  the 
gastric  juice  than  when  administered  without  the 
alkali  ;  and  this,  says  Bernard,  is  owing  to  the  greater 
secretion  of  gastric  juice  which  the  carbonate  of  soda 
determines. 

4  Qtumtihf  of  Oastrw  Juice, — The  quantity  of 
gastric  juice  daily  secreted  has  been  veiy  differently 
estimated,  but  the  calculations  of  Bidder  and  Schmidt 
giye  the  enormous  amount  of  thirty -one  pounds,  or 
nearly  one  quarter  of  the  whole  weight  of  the  body.* 
The  quantity  is  of  course  variable.  It  depends  on  physi- 
cal and  m^ital  conditions,  and  on  the  nature  of  the  food 
eaten ;  some  substances  exciting  a  more  active  secretion 
than  others.    The  quality  is  also  variable.     Oriine- 

*  At  the  Leed3  Meeting  of  the  British  AMOciation,  Dr  Harley  ftated 
that  he  had  neyer  found  any  animal  secrete  more  than  one-tenth  of  itn 
own  neigfat  in  the  twenty-four  hours. 
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waldt  and  Schroder  found  the  gastric  juice  of  the 
Esthonian  peasant  very  different  under  different  condi- 
tions. When  Oriinewaldt  examined  it,  the  woman  was 
living  well,  at  his  expense,  and  in  comfortable  quarters ; 
her  gastric  juice  then  contained  43  parts  of  solid  matter 
in  100,  and  of  these  43  no  less  than  36  were  pepsin. 
When  Schr5der  examined  it,  the  woman  had  been 
living  for  some  months  on  spare  diet  in  her  own  hut, 
and  her  gastric  juice  then,  instead  of  43  parts  in  100, 
contained  only  5^  parts  of  solid ;  and  instead  of  36 
parts  of  pepsin,  only  3  appeared  I 

In  presence  of  differences  so  great  as  these,  we  must 
hesitate  before  drawing  general  conclusions  from  parti- 
cular casea  We  may  also  understand  firom  it  how  food 
may  be  digestible  at  one  time,  which  at  another  is 
indigestible. 

To  close  these  details  respecting  gastric  juice,  it  may 
be  mentioned  that  calculations  have  been  made  respect- 
ing the  quantity  of  albumen  which  definite  amounts 
are  capable  of  dissolving.  Lehmann  estimates  that  100 
grammes*  of  juice  dissolve  5  grammes  of  coagulated 
albumen,  on  the  average.  Schmidt  estimates  it  at  no 
more  than  2  or  3  grammes.  But  even  if  we  accept  the 
largest  of  these  quantities,  we  are  forced  to  admit  that 
the  whole  amount  of  the  gastric  juice  secreted  during 
the  day  would  not  sufiSce  to  dissolve  more  than  half 
the  albumen  necessary  for  nutrition — another  proof 
that  stomachal  Digestion  is  only  one  part,  and  that  not 
the  chief  part,  of  the  digestive  process. 

*  A  gTBHune  is  somewhat  more  than  15  grains. 
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5.  Results  of  Inquiry. — Let  us  now  stun  up  in  a 
few  brief  propositions  the  net  results  at  which  we  have 
arrived  respecting  stomachal  Digestion : — 

1.  In  the  stomach  the  food  is  churned,  macerated, 
disintegrated,  and  much  of  it  liquefied. 

2.  The  Fats  have  been  liberated  from  their  cellular 
envelope,  and  have  become  Oils. 

3.  The  Sugars  have  been  little  altei'ed.  The  cane 
sugar  has  been  changed  into  grape  sugar,  and  probably 
a  small  proportion  has  been  changed  into  lactic  acid. 

4.  The  Vegetable  matters  have  been  more  or  less 
divided  and  made  pulpy,  but  not  chemically  altered, 
except  some  of  their  starch,  which  has  been  altered  by 
the  saliva. 

5.  The  Albuminous  matters  have  been  macerated,  aud 
some  portion  transformed  into  peptones.  The  whole 
has  become  a  pulp. 

Bernard,  as  we  before  stated,  compares  the  action  of 
gastric  juice  on  fatty,  saccharine,  and  albuminous  mat- 
ters, to  that  of  boiling  water.  Boiling  liquefies  fat  by  dis- 
solving the  cellular  envelope;  gastric  juice  does  no 
more,  but  it  does  so  at  a  considerably  lower  tempera- 
ture. Starch  and  sugar  are  not  changed  by  boiling, 
except  that  they  take  up  a  proportion  of  water,  which 
makes  them  what  the  chemists  GsXi.  hydrates ;  this  also, 
he  maintains,  is  the  sole  change  effected  in  them  by  the 
gastric  juioe.  Boiling  dissolves  the  gelatinous  parts  of 
the  bones  and  skin,  leaving  the  earthy  parts,  and  the 
muscular  fibre,  simply  dissociated,  but  not  altered;  so 
does  the  gastric  juica    Finally,  Bernard  calls  attention 
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to  the  fact  that  the  intestincd  fluid  digests  meat  which 
has  been  boiled,  but  not  raw  meat — ^which  shows  that 
boiling  may  rqplace  the  action  of  gastric  juice. 

Were  then  the  ancients  correct  in  the  supposition 
that  stomachal  Digestion  is  merely  a  process  of  cook- 
ing ?  To  a  great  extent,  yes.  The  process  is  in  many 
respects  analogoua  It  differs,  however,  in  one  important 
point,  namely,  the  chemical  transformation  of  the  food 
into  peptones. 

6.  Action  of  Oastric  Juice  on  the  Stomach. — Be- 
fore quitting  this  subject  we  must  glance  at  another 
ancient  opinion,  not  yet  uniyersally  discarded  When 
one  of  the  Alchemists  announced  that  he  had  discovered 
an  tmiversal  solvent,  Eunckell  the  chemist,  with  quiet 
wit,  asked, ''  In  what  kind  of  vessel  do  you  keep  it  ? " 
The  difficulty  which  Eunckell  felt  in  conceiving  a  vessel 
that  could  resist  the  action  of  an  v/niversai  solvent, 
was  felt  by  the  physiologists,  who  proclaimed  that 
gastric  juice  was  an  universal  solvent  of  animal  su1> 
stances  which  nevertheless  did  not  dissolve  the  stomadL 
What  protected  the  stomach  ?  The  mysterious  entity, 
named  ''Vital  Principle,''  which  was  the  devs  ex 
machind,  and  universal  refuge  in  cases  of  difficulty, 
seemed  to  them  the  sole  possible  cause  of  this  immunity 
enjoyed  by  the  stomach.  In  proof,  they  appealed  to 
the  fact  that  in  the  dead  body  the  stonuich  is  some- 
times seen  to  be  attacked  by  the  gastric  juice.  Not 
content  with  attributing  this  immunity  of  the  stomach 
to  the  Vital  Principle,  which  "  suspended  the  action  of 
chemical  laws,"  they  urged  this  fact  of  immunity  in  the 
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living  stomacli  as  a  proof  of  the  existence  of  that  very 
Vital  Principle  which  effected  it.  Logicians  call  this 
arguing  in  a  circle ;  but  let  us  see  if  we  cannot  explain 
the  facts  without  haying  recourse  to  any  Vital  Principle 
suspending  and  superseding  chemical  laws.* 

In  the  first  place,  as  a  matter  of  fact,  the  Vital 
Principle,  granting  its  existence,  has  no  power  whatever 
of  arresting  the  action  of  gastric  juice.  The  proof  is 
easy*  Place  a  littie  juice  under  the  skin  of  a  living 
animal,  and  you  ^n  find  in  a  short  time  that  the  ceUular 
tissue  is  dissolved,  and  the  parts  in  contact  with  the 
fluid  chymified.  Bernard  kept  the  hinder  extremities 
of  a  living  frog  in  contact  with  gastric  juice,  and  found 
they  were  digested  by  it,  in  spite  of  that  Vital  Principle 
which,  according  to  its  advocates,  can  suspend  all 
chemical  law& 

We  thus  see  that  it  is  not  the  mere  £em^  of  the  ani- 
mal being  aUve  which  prevents  the  gastric  juice  from 
acting  on  its  stomach,  Life  having  no  mysterious  power 
of  "  suspending  "  such  actions  ;  but  that,  whether  dead 
or  alive,  the  gastric  juice  will  dissolve  animal  tissues. 
Why  then  is  the  stomach  protected  during  life  ?  For 
precisely  the  same  reason  that  many  poisons  which 
rapidly  destroy  life  when  entering  the  blood,  as  in 
wounds,  are  perfectly  harmless  when  entering  the 
stomach.  The  savage  slays  his  game  with  poisoned 
arrows,  and  eats  the  poisoned  flesh  with  impunity. 

*  In  our  final  chapter,  on  Life  and  Death,  we  shall  examine  thifl 
ancient  hypothesis  of  a  Vital  Principle,  and  expoand  the  modem  snb- 
•titate  for  it. 
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This  is  an  interestiiig,  but  by  no  means  mysterious, 
fiict.  The  poison  is  harmless  in  the  stomach  because 
it  cannot  be  absorbed  firom  the  stomach ;  and  unless  it 
be  absorbed,  and  enter  the  blood,  it  cannot  operate  as 
a  poison*  There  is  no  question  of  a  Vital  Principle 
here  ;  it  is  simply  a  question  of  Absorption.  Let  but 
the  epithelial  lining  *  of  the  stomach  be  destroyed  in 
any  spot,  and  the  poison  will  there  enter  in- spite  of  a 
Vital  Principle  The  case  is  analogous  with  the  gastric 
juice ;  the  pepsin  cannot  be  absorbed,  because  the  epi- 
thelial lining  of  the  stomach  opposes  that  absoiptioa 
This  epithelium,  however,  is  very  rapidly  and  easily 
destroyed ;  and  in  the  dead  stomach  the  destruction, 
not  being  compensated  by  as  rapid  a  renewal^  leaves 
the  tissue  unprotected  against  the  action  of  the  gastric 
juice-t 

Life  therefore  endows  the  stomach  with  immunity, 
not  because  Life  suspends  the  ordinary  actions  of  mat- 
ter, but  because  it  here  renews  the  protecting  epithelium 
as  fjEtst  as  it  is  destroyed ;  and  thus  the  phenomenon  is 

*  The  ^pitiUUwm,  or  delicate  layer  of  cells  which  lines  the  wall  of  the 
stomach,  is  another  form  of  that  layer  of  cells  called  tpidermit,  or 
scarf  skin  (see  fig.  2,  p.  35)  which  is  the  outermost  and  protecting 
membrane  of  the  body. 

t  Bernard  :  Le^atu,  ii.  406,  uq,  Basbuhobr  giTes  a  very  absurd 
explanation — ^namely,  that  nervous  influence  produces  a  state  of  tension 
in  the  molecules  of  the  tissue  which  prevents  their  being  acted  on. — 
Mbisbksr,  BeruM  flier  Pkynol.f  1857>  p.  201.  Since  this  was  in  type, 
I  have  leamed  that  Dr  Harley  has  shown  by  experiment  that  the  layer 
of  mucus  covering  the  walls  of  the  stomach  is  the  chief  protector 
against  the  absoiption  of  gastric  juice.  This  does  not  disturb  the 
aigument  in  the  text. 
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explained  by  dear  physiological  principles,  without 
invoking  the  interference  of  a  Vital  Principle,  the  very 
essence  of  which  is  inconceivable,  and  its  modes  of  action 
whoUy  supposititious. 

Ill  Iktestikal  DiOEsnoN.— The  food  has  become 
Chyme ;  we  have  now  to  trace  its  transformation  into 
Chyle.  It.has  been,  so  to  speak,  cooked ;  we  have  now 
to  see  it  digested. 

The  pulpy  mass  of  Chyme  enters  from  the  stomach 
into  the  intestinal  canal,  and  there  undergoes  its  final 
changes  during  its  passage  through  an  oigan  the  enor- 
mous size  of  which  {thirty  feel^  and  upwards,  in  length) 
is  alone  sufficient  to  indicate  its  importance ;  and  this 
indication  is  further  borne  out  by  the  fact  that  large 
and  important  glands,  such  as  the  liver  and  the  Pan- 
creas, pour  their  secretion  into  it.  This  thirty-feet  canal 
is  by  anatomists  distinguished  as  if  it  were  two  organs, 
though  in  reality  it  is  one  continuous  tuba  They 
speak  of  it  as  the  Small  Intestines— comprising  the 
Duodenvm^  the  Jyunvm,  and  the  Ileum  ;  and  the 
Large  Intestines — comprising  the  CoBCum,  the  Colon, 
and  the  Rectvm  (see  p.  230,  fig.  7). 

Here  it  is  that  Vegetables  are  made  to  yield  what- 
ever digestible  material  they  contain ;  fata  are  reduced 
to  an  emulsion  which  permits  their  being  absorbed ; 
starch  is  completely  converted  into  glycose  (starch- 
sugar)  ;  and  the  undigested  flesh  is  converted  into 
peptones. 

In  the  Stomach  the  mechanical  processes  are  pre- 
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dominant;  in  the  Intestine,  these  are  subordinate  to  the 
chemical  processes  due  to  the  influence  of  three  fluids, 
the  Bile,  the  Pancreatic  juice,  and  the  Intestinal  juice. 
These  we  must  now  separately  examine. 

1.  The  Bile. — ^Into  the  first  of  the  Small  Intestines 
{Duodenvm)  the  liver  pours  its  secretion  of  Bile  at  a 
slight  distance  &om  the  stomach  (see  p.  230,  fig.  7,  B'). 
No  less  than  three  or  four  pounds  of  this  fluid  are  daily 
poured  in.  The  quantity  is  of  course  variable,  like 
that  of  every  other  secretion,  being  dependent  on  indi- 
vidual peculiarity,  and  on  the  nature  of  the  food  eaten. 
Fats,  and  fatty  foods,  diminish  the  quantity  in  a  notr- 
able  degree,  according  to  Bidder  and  Schmidt,  who 
found  that  cats  fed  solely  on  fat  secreted  no  more  than 
0.327  of  a  gramme  per  hour,  whereas  their  secretion 
on  ordinary  diet  was  0.807  grm.  • 

Although  far  from  denying  the  conclusion  of  these 
able  experimenters,  I  cannot  help  pointing  out  a  source 
of  fallacy  in  this  experiment,  which  seems  to  have 
.escaped  criticism.  We  know  that  the  quantity  of  Bile 
secreted  is  always  larger  on  a  full  diet  than  on  a  spare 
diet,  larger  on  flesh-diet  than  on  mixed  diet;  when 
therefore  cats  were  fed  on  fat  alone,  they  were  fed  on 
a  diet  which  was  equivalent  to  almost  none  at  all, 
since  all  animals  starve  on  fat  alone..  That  this  ob- 
jection is  valid  may  be  seen  in  the  fact  that  the 
quantity  secreted  by  these  £a,t-fed  cats  is  actually  the 
quantity  which  is  secreted  by  the  feisting  animal 
Had  Bidder  and  Schmidt  fed  the  cats  on  pure  albu- 
men, I  believe  they  would  very  soon  have  found  the 
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secretion  of  Bile  was  no  greater  than  that  from  fat 
diet ;  and  for  the  same  reason :  pure  albmnen  soon 
beoomes  equivalent  to  almost  no  food  at  alL  The  only 
positiYe  condosion  I  can  draw  £rom  their  experiment 
is  one  safficiently  cnrions — ^namely^  that  in  spite  of 
Bile  being  the  most  hydrocarbonaceons  substance  in 
the  body,  and  of  fat  being  a  hydrocarbonaceons  food, 
there  seems  no  definite  relation  between  the  formation 
of  the  one  and  the  presence  of  the  other. 

There  is  an  important  practical  question  directly 
connected  with  this  influence  of  fat  on  the  secretion  of 
Bila  Fats  are  said  to  make  people  bilious.  On  the 
other  hand,  some  medical  men  advise  bilious  people  to 
eat  bacon  for  breakfast  Now  we  must  distinctly  un- 
derstand that  even  some  medical  men  talk  of  "  bilious- 
ness," when  in  truth  the  evil  is  simply  Indigestion ; 
and  as  fat,  if  decomposed  in  the  stomach,  produces  In- 
digestion, fat  may  in  this  sense  be  said  to  make  people 
bOious.  There  is,  however,  a  frequent  "attack  of 
biliousness'' from  which  some  unhappy  people  suffer, 
and  this  arises  from  a  deficiency  in  the  secretion  of 
Bila  The  sluggish  liver  leaves  its  work  imdone, 
like  the  ovei^fed  servants  of  a  great  house.  The  best 
of  all  stimulants  is  continued  exercise  in  the  open  air. 
But  if  it  could  be  proved  that  fat  has  a  tendency  to 
diminish  the  secretion  of  BUe»  we  should  therein  see 
the  perfect  explanation  of  the  common  belief  that  "&As 
make  people  bUioua'' 

In  the  preceding  section  it  was  noted  that  water 
increased,  instead  of  diminishing,  the  digestive  power 

s 


222  DIGESTION  AND  INDIGESTION. 

of  the  gastric  juica  Its  value  in  digestion  is  further 
shown  in  the  fact  that  it  increases  the  quantity  of  Bile 
— ^not  only  its  amount  of  liquid,  but  also  its  amount  of 
solid  matter.  A  dog,  after  eating  183  grammes  of  beef 
without  water,  secreted  2.283  grm.  of  Bile,  containing 
0.135  solid  matter.  He  was  subsequently  allowed  to 
take  the  same  weight  of  water — 18*5  grm. — ^without 
beef,  and  he  secreted  5.165  gnn.  of  BUe,  containing 
0.14!3  solid  matter.  On  another  occasion,  after  only 
25  grm.  of  beef  and  158  grm.  of  water,  he  secreted 
4.030  of  Bila  Very  surprising  facts,  which  show  the 
immense  importance  of  water  in  nutrition. 

Mesh  increases  the  secretion  considerably  beyond 
that  produced  by  vegetable  diet 

2.  The  part  played  by  ihs  Bile. — It  would  be  easy 
to  fill  a  small  volume  with  the  controversies  which 
have  long  been  raging  respecting  the  part  played  by 
this  secretion  in  the  animal  economy ;  but  the  reader 
will  not  expect  anything  of  the  kind  here,  and  may  be 
content  with  two  facts  which,  if  not  absolutely  beyond 
dispute,  are  at  any  rate  fixed  on  so  broad  an  inductive 
basis  as  to  command  confidence :  These  are.  First,  that 
the  Bile  is  formed  in  the  liver,  and  hy  the  liver ; 
it  does  not  pre-exist  in  the  blood,  although  of  course  its 
elements  are  there  :  Secondly,  that  it  is  at  once  a  secre- 
tion  and  an  excretion :  the  liver  separates  from  the 
blood  substances  which  it  forma  anew  into  a  fluids 
this  fluid  taking  its  part  in  the  digestive  process,  after- 
wards to  be  re<ibsorbed  into  the  blood ;  and  the  liver 
also  separates  from  the  blood,  or  forms  anew,  sub- 
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Stances  which,  though  constituting  not  more  than  one- 
eighth  of  the  whole  Bile  (probably  much. less),  are 
ejected  from  the  organism  as  injurious  * 

In  the  stomach  Bile  at  once  arrests  Digestion.  If 
from  any  cause  it  has  risen  into  the  stomach,  as  un* 
happily  it  sometimes  does,  we  are  seized  with  nausea 
and  vomiting.  The  evidence  for  this  is  so  plain  that 
we  cannot  wonder  if  many  writers  have  founded  on 
it  their  disbelief  in  the  digestive  influence  of  the  Bile, 
which  they  regard  as  a  pure  excretion.  They  overlook 
one  important  consideration,  however,  and  foiget  that, 
when  in  the  stomach.  Bile  is  out  of  its  right  placft 
The  intestine  is  its  right  place,  and  there  its  influence 
is  digestive,  although  it  there  also  counteracts  the  action 
of  the  gastric  juice. 

This  leads  us  to  a  very  curious  example  of  the  com- 
plication and  seeming  contradiction  of  organic  pro- 
cesses. Bile  undoubtedly  arrests  the  influence  of  the 
Ghistiic  Juice,  inside  as  well  as  outside  the  body. 
Place  a  piece  of  meat  in  a  glass  vessel  with  some 
gastric  juice;  the  meat  will  soon  manifest  a  com- 
mencement of  digestion,  the  fibres  will  be  dissociated, 
and  the  cellular  tissue  dissolved.  If  now  a  little  bile 
be  added,  the  digestive  process  is  suddenly  arrested : 
the  gastric  juice  preserves  its  acidity,  but  loses  its 
digestive  influence.  If,  in  a  second  vessel,  meat  be 
left  in  contact  with  gastric  juice  only,  we  find  at  the 
end  of  a  few  hours  that  a  complete  chymification  has 
been  effected;  whereas   the  meat  to  which  bile  was 

*  Comp.  BiDDSB  and  Schmidt,  p.  217. 
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added  remams  unaltered,  and  "will  continue  so  for  a 
very  long  period. 

What  is  the  nature  of  this  action  ?  Bernard  main- 
tains that  it  is  nothing  else  than  this :  the  ferment 
pepsin,  which  is  operative  in  gastric  juice,  is  precipt- 
tated,  as  the  chemists  say  (separated  and  thrown  down), 
and  the  albuminous  substances  are  once  more  rendered 
inaoltMe*  and  cease  to  imdergo  chemical  change. 

The  reader  will  remember  that  the  albuminous  sub- 
stances were  rendered  solvble  in  the  stomach  by  the 
gastric  juica  On  reaching  the  intestine,  and  there 
coming  in  contact  with  the  Bile,  they  are  once  more 
rendered  insoltMe:  a  yellow  precipitate  is  formed, 
which  sticks  to  the  coats  of  the  intestine ;  and  thus, 
while  the  starchy,  fatty,  sugary  substances  continue 
their  progress  unchanged,  the  albuminous  substances 
are  arrested,  and  all  that  was  so  laboriously  achieved  in 
the  stomach  seems  undone  again.  If  there  were  no- 
thing to  counteract  this  influence  of  the  bile,  the  diges- 
tion of  meat  would  be  impossible ;  fortunately  the  delay 
I  is  temporary,  and  by  the  action  of  the  pancreatic  and 

intestinal  juices,  the  albumen  is  once  more  rendered 
I  soluble. 

We  may  now  perhaps  explain  some  points  which 
have  seemed  very  puzzling  and  contradictory.  Experi- 
ments have  been  made  which  prove  that  when  the 
gall  duct,  through  which  the  bile  pours  into  the  intes- 
tine, is  opened,  and  the  bile  by  removal  is  prevented 
from  entering  the  intestine,  the  animal  loses  weight. 

*  6ER5ABD :  Lepont  de  Phytiol.  ExpfrimefUale,  ii. 
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and  dies  in  a  fortnight  or  three  weeka  This  result  is 
intelligible  when  we  reflect  that  normally  the  bile  is 
mostly  reabsorbed,  only  one-eighth  of  it  passing  away  as 
an  excretion ;  so  that  the  loss  of  all  the  bile  must  be 
an  immense  drain  on  the  system. 

But  other  experiments  seemed  flatly  to  contradict 
this  result  The  bile  was  removed,  yet  the  animal 
Uyed  on,  apparently  uninjured.  Blondlot  had  a  pointer 
who  lived  for  five  years  with  an  artificial  opening,  or 
"fistula"  in  its  gall  duct;  she  annually  suckled  her 
pups,  and  went  out  shooting  with  her  master,  as  if 
nothing  were  the  matter.  On  the  strength  of  this  it 
has  been  argued  that  bile  ia  an  excretion,  and  totally 
useless  in  Digestion. 

The  contradiction  has  been  explained  thus:  when 
the  bile  is  removed,  a  much  larger  quantity  of  food 
becomes  necessary,  indeed  as  much  again  must  be  eaten, 
to  preserve  the  standard  weight  The  extra  supply  of 
food  compensates  for  the  drain  occasioned  by  the  loss 
of  the  bila 

But  we  have  still  to  prove  that  the  bile  has  a  diges- 
tive action.  And  that  some  material  diflerence  is  pro- 
duced by  the  bile  is  clear  from  the  highly  fetid  odour  of 
the  excreta,  and  the  imusual  development  of  gas,  when 
the  bile  is  prevented  from  pouring  into  the  intestine. 
Flatulent  dyspepsia  is  the  result  of  a  languid  secretion 
from  the  liver. 

We  have  already  seen  that  the  action  of  bile  arrests 
the  digestion  of  albuminous  substances  ;  on  sugar  and 
starch  its  action  is  inappreciable  ;  on  fat  its  action  is 
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peculiar.  There  is  no  dispute  that  the  bile  greatly 
assists  in  the  absorption  of  fat ;  but  how  it  does  so 
is  disputed.*  Wistinghausen's  experiments  show  that 
whereas  oil  can  only  be  made  to  penetrate  an  animal 
membrane  when  submitted  to  a  high  pressure,  it  pene- 
trates without  any  pressure  at  all,  if  the  membrane  be 
moistened  with  bila  Now  all  absorption  in  the  organ- 
ism takes  place  through  membranes,  and  not  through 
orifices :  the  absorbent  vessels  haye  no  open  mouths  to 
suck  up  fluids ;  the  fluids  pass  into  them  through  their 
delicate  waHs.^* 

3.  The  part  played  by  the  Pancreatic  Juice. — 
Under  its  form  of  "  sii^eetbread  "  every  one  is  {iEmiiliar 
with  the  Pancreas.  It  lies  along  the  under-side  of  the 
stomach,  and  pours  its  secretion  into  the  intestine 
through  a  duct  (sometimes  two  ducts)  which  enters  a 
little  way  below  the  bile-duct  (see  p.  230,  Fig.  7,  W). 

If  Bernard's  views  of  its  function  are  correct,  it  is 
the  most  important  organ  in  the  whole  course  of  the 
alimentary  canal,  for  it  possesses  the  property  of 
forming  fats  into  an  emulsion,  of  transforming  starch 
into  sugar,  and  of  acting  on  aUyuminous  substances — 
both  those  precipitated  by  the  bile,  and  those  also 
which  the  gastric  juice  has  not  yet  dissolved.    But,  he 

•  Mr  Marcet  has  reoenilj  advanced  cogent  reaflons  for  supposing 
that  the  bile  assists  in  the  absorption  of  the  fatty  adds,  and  that 
these  are  produced  in  the  stomach  firom  the  fiits  of  the  food. — Medical 
Timu,  28th  Aug.  1858.  I  know  only  the  analysis  of  this  paper  giren  by 
BROWir  SflQUARD :  Journal  de  la  Phyt.,  i.  806. 

t  See  the  explanation  of  Endotmorii  in  the  chapter  on  Food  and 
Drink,  p.  106. 
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says,  it  possesses  tbis  power  over  albuminous  substances 
only  after  they  bave  been  acted  on  by  the  bile.  If 
we  take  food  directly  from  the  stomach,  and  submit  it 
to  the  action  of  the  Pancreatic  Juice,  Tto  such  effect 
ensues ;  whereas  if  the  food  taken  from  the  stomach 
be  first  mixed  with  a  little  bile,  and  then  submitted  to 
the  Pancreatic  Juice,  the  digestive  effect  is  obtained. 
Thus  the  successive  actions  of  Qastric  Juice — ^Bile— 
and  Pancreatic  Juice,  form  a  necessary  series.* 

There  has  been  great  dispute  respecting  the  functions 
thus  attributed  to  the  Pancreas,  and  although  Bernard 
replies  to  his  antagonists  with  great  skill  and  ingenuity, 
the  researches  of  Colin  and  B^rardf  place  beyond  a 
doubt  that  fat  is  absorbed  even  when  the  Pancreas  has 
been  extirpated ;  and,  moreover,  the  fact  of  animals 
digesting  when  their  bile  is  removed,  proves  that  the 
Pancreatic  Juice  doe^  act  on  the  food  even  without  the 
previous  action  of  the  bile.  We  must,  therefore,  some- 
what qualify  Bernard's  statement,  and  say  that  the 
action  of  the  Pancreatic  Juice  alone  is  much  less 
energetic  than  when  following  that  of  the  bile ;  and 
that  although  the  Pancreas  may  greatly  assist  the  ab- 
sorption of  fat,  it  is  not  indispensable  to  it. 

The  united  influence  of  the  bUe  and  Pancreatic  Juice 
transforms  such  portions  of  the  starch  as  have  escaped 
the  action  of  the  saliva  into  dextrine  and  glycose  (see 
p.  197),  into  which  the  starch  must  pass  before  it  can 
be  absorbed ;  it  renders  the  fats  easy  of  absorption ; 
and  it  dissolves  albuminous  substances. 

*  Berth ASD  :  Lemons,  ii.  441.       t  See  Meisbiteb  :  Beriehi,  1857,  p.  206. 
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4.  Th»  Inieatmal  Juice. — ^Althougli  the  processes 
jost  named  are  capable  of  digesting  all  alimeiitaiy  snb- 
stances,  the  process  of  Digestion  is  not  really  completed 
by  them,  but  is  continued  and  finished  during  the 
passage  of  the  food  along  the  vhole  length  of  the  in- 
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testine,  by  means  of  the  Intestinal  Juice,  a  fluid  secreted 
&om  the  glands  which  are  imbedded  in  the  lining  coat 
of  the  intestine.  The  above  figure  represents  three  of 
these  glands,  nameii  afEer  Brunner,  Lieberkillm,  and 
»  Peyer,  their  discoverers. 
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The  action  of  tliis  Intestmal  Juice  has  been  demon- 
strated by  Bidder  and  Schmidt  in  the  following  inge- 
nious experiment.  A  coil  of  a  dog's  intestine  was 
drawn  throngh  an  opening,  and  a  thread  tied  round  it, 
so  as  to  cut  ofif  the  influx  of  the  gastric  fluids ;  into 
this  mtestine.  smaU  mudin  bi«s  were  intooduced.  con- 
taining  coagulated  albumen  and  meat;  the  coil  was 
then  replaced.  After  periods  of  from  six  to  fourteen 
hours,  the  dogs  were  killed.  The  bags  were  found  in 
different  regions  of  the  intestine,  some  having  scarcely 
moved,  somehayingbeen carried  down asfarastheco^cum 
(Fig.  7,  q,  p.  230) ;  but  in  every  case  the  albumen  and 
meat  were  more  or  less  changed,  and  had  lost  weight, 
some  having  lost  18,  and  others  85  per  cent  of  their  solida 

In  the  SeanHare  (Aplysia)  I  have  more  than  once 
traced  this  action  of  the  intestine.  The  food  quits  the 
stomach  in  a  very  imperfect  state  of  digestion,  and  may 
be  traced  gradually  along  the  whole  length  of  the  intes- 
tine, digestion  not  being  finally  completed  till  the  colon 
is  reached.  Indeed,  a  priori,  one  might  have  drawn 
such  a  conclusion.  The  function  of  Digestion  is  per- 
formed by  the  whole  alimentary  canal,  and  if  particular 
parts  of  this  canal  have  a  special  office,  in  virtue  of  some 
special  development,  the  whole  organ  is  necessary  for 
the  whole  result 

IV.  The  Natube  op  the  Chyle. — ^We  have  thus 
completed  om:  histoiy  of  the  digestive  process.  The 
food  has  become  Chyme,  the  Chyme  has  become  Chyle, 
and  the  Chyle  will  be  absorbed,  and  become  Blood. 
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The  preceding  diagram,  copied  from  Bernard,  may 
assist  the  amateur  in  following  the  course  of  the  diges- 
tive tract. 

In  the  mouth  the  food  is  acted  on  by  the  saliva 
issuing  from  the  parotid  (p),  the  avhmaanUary  (g), 
and  the  sublingual  glands  (gQ.  It  passes  along  the 
CBsaphagus  (cb),  and  reaches  the  etorMch  (E),  whence  it 
passes  into  the  duodenum  (d),  and  the  whole  length  of 
the  smaU  intestine  (%),  to  the  ccecum  (q),  and 
colon  (r). 

During  its  course,  such  portions  of  the  food  as  have 
become  soluble  are  absorbed — 1,  by  the  Portal  Veins 
( yp)»  which  carry  them  to  the  Liver  {¥),  and,  2,  by  the 
UMstecds  (FZ), minute  absorbent  vessels  which  carry  them 
to  the  reservoir  of  Pecquet  (S),  from  whence  they  are 
transmitted  by  the  t&oracic  duct  (tt)  to  the  subclavian 
vein,  where  they  join  the  blood.  The  other  parts  of  this 
diagram  will  be  explained  hereafter.  Meanwhile,  if  the 
reader  considers  for  a  moment  the  immense  prepon- 
derance of  the  absorbent  portal  veins  over  the  absorbent 
lacteals,  he  will  see  that  the  popular  notion  of  the  Chyle, 
which  is  found  in  the  lacteals,  being  the  quintessence 
of  the  food,  is  altogether  erroneous.  If  we  call  Chyle 
that  which  is  found  in  the  intestine  before  absorption, 
we  may  be  justified  in  the  assertion  that  the  object  of 
digestion  is  to  make  Chyle.  But  if  we  suppose  that 
the  fluid  circulating  in  the  chyliferous  vessels  (lacteals) 
is  all  the  Chyle,  we  shall  greatly  err.  2%i9  Chyle  is  really 
little  more  than  ordinary  lymph  and  fat  The  chief 
part  of  the  digested  food,  chief  in  quality  as  iu  quantity, 
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never  enters  the  lacteal  vessels,  but  is  carried  by  the 
portal  veins  to  the  liver.  Comparative  anatomy,  teach- 
ing as  it  does  that  birds  have  7io  lacteals,  that  reptiles 
have  none,  and  that  fishes  have  none,  plainly  teaches 
that  the  function  of  these  vessels  must  be  special,  and 
Gaude  Bernard  maintains  that  it  is  limited  to  the 
absorption  of  fat.  . 

V.  Causes  of  Indigestion.  —  In  unfolding  the 
various  stages  of  the  digestive  process,  we  have  at 
the  same  time  unfolded  several  of  the  causes  which 
may  disturb  that  process,  and  afflict  human  beings 
with  a  slight  or  terrible  attack  of  Indigestion. 

It  is  certain  that  if  the  food  be  not  well  masticated 
and  saturated  with  saliva,  we  must  have  the  powerful 
gastric  juice  of  a  dog,  or  a  lion,  to  compensate  this 
deficiency ;  otherwise  a  larger  proportion  of  the  un- 
changed food  wiU  be  transmitted  to  the  intestines  than 
they  can  well  manage,  or  will  lie  like  a  load  oppress- 
ing the  stomacL  The  starch  will  descend  in  lumps, 
and  although  much  of  it  will  be  dissolved  by  intes- 
tinal digestion,  some  will  pass  away  undigested. 

If  the  secretion  of  Gkistric  Juice  be  languid,  or  if 
that  fluid  be  not  sufficiently  add,  chymification  will 
be  laborious  and  painful.  If  the  bile  rise  in  the  sto- 
mach, digestion  will  cease ;  if  the  secretion  of  bile  be 
too  scanty,  the  food  will  lie  like  a  burden,  and  produce 
diarrhoea  or  sickness ;  and  so  on  to  the  end  of  the 
chapter.  Let  there  be  only  a  little  less  acid,  or  a  little 
more  alkali,  each  of  which  depends  on  complex  oondi^ 
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tions,  and  Digestion,  which  to  the  young  and  healthy 
is  as  easy  as  it  is  delightfdl,  becomes  the  source  of 
miseiy. 

Ill-selected  food  is  one  source  of  these  evils :  but  it 
has  been  touched  on  in  a  previous  chapter,  and  need 
not  detain  us  now.  Want  of  fresh  air  and  exercise  is 
another  sourca  The  action  of  the  liver  is  particularly 
affected  by  exercise ;  and  all  who  suffer  from  bilious- 
ness should  pay  their  fees  to  the  liveiy  stable  and 
waterman,  horse-exercise  and  rowing  being  incompar- 
ably the  best  of  prescriptions.  A  walking  excursion, 
especially  in  mountain  districts,  and  with  resolute  avoid- 
ance of  walking  too  much,  will  be  of  great  service  to 
the  dyspeptia  It  is  important  to  bear  in  mind,  more- 
over, that  although  sedentary  habits  are  veiy  injurious 
to  the  Digestion,  they  are  less  so  than  bad  ventilation  ; 
those  who  sit  long,  and  sit  in  bad  air,  are  sure  to 
suffer.  We  shall  touch  on  this  point  in  the  chapter  on 
Respiration  and  Suffocation. 

The  influence  of  the  Nervous  System  is  perhaps  even 
more  prominently  manifested  than  that  of  any  other 
cause  of  Indigestion.  It  is  comparatively  rare  to  meet 
with  Indigestion  among  artisans,  in  spite  of  their  ill- 
cooked  food,  their  exposure  to  all  weathers,  and  other 
hardships ;  and  it  is  as  rare  to  meet  with  good  Digestion 
among  the  artisans  of  the  bnun,  no  matter  how  care- 
ful they  may  be  in  food  and  general  habits.  Protracted 
thought,  concentrated  effort  in  the  directions  of  Philo- 
sophy, Science,  or  Art,  almost  always  exact  a  terrible 
price.     Nerve-tissue  is  inordinately  expensive.    But  it 
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is  worthy  of  remark,  that  mere  intellectual  activity, 
when  unaccompanied  by  a^tating  emotion,  never  seems 
to  affect  the  Digestion,  unless  the  effort  be  of  an  un- 
usual intensity.  Our  passions  are  destroying  flamea 
Anger,  Ambition,  Envy,  Despair,  Sorrow,  and  even 
sudden  Joy,  immediately  disturb  the  digestion.  A 
letter  bringing  bad  news,  the  sight  of  anything  which 
painfully  affects  us,  a  burst  of  temper,  or  an  anxious 
care,  will  sometimes  render  the  strongest  of  us  incapable 
of  digesting  a  meaL  If  the  food  be  swallowed,  it  will 
not  be  digested,  or  digested  only  at  a  vast  expense. 
And  herein  may  be  learned  a  lesson  against  a  very 
common  mistake  committed  by  very  sensible  peopla 
When  a  friend  is  overwhelmed  with  grief,  we  try  to 
force  him  gently  to  take  the  food  he  obstinately  re- 
fuses. ''  Do  try  and  eat  a  mouthful ;  it  is  necessary 
for  your  strength;  you  will  fall  ill."  Perhaps  our  en- 
treaties succeed ;  he  takes  a  little  food  ''as  a  support'' 
Error !  the  food  will  weaken,  not  strengthen  him.  In 
such  cases  Instinct  may  safely  be  relied  on.  When  a 
man  is  hungry,  he  will  eat  When  he  will  not  eat,  he 
should  be  left  in  peace  until  hunger  prompta  If  in 
compliance  with  the  entreaties  of  friends  he  takes  a 
meal,  it  will  do  him  harm  rather  than  good.  There 
are,  indeed,  people  who  think  that  to  eat  in  times  of 
sorrow,  is  a  proof  of  want  of  feeling,  and  that  their  appe- 
tite is  a  sign  of  disrespect ;  as  if  appetite  were  subject  to 
the  wilL  Such  people  must  be  reasoned  with,  and  told 
that  it  is  as  foolish  to  refuse  food  when  the  appetite  de- 
mands it,  as  to  eat  it  when  the  system  rebels  against  it 
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There  is  another  direction  in  which  the  Nervous 
System  inflaences  Digestion,  although  it  can  only  be 
briefly  alluded  to  hera  When  we  come  to  treat  of 
nervous  phenomena,  we  shall  more  particularly  examine 
the  nature  of  Beflex  Action ;  at  present  it  is  enough  to 
say,  that  certain  parts  of  the  organic  mechanism  are  so 
intimately  allied  in  action,  that  they  are  said  to  sympa- 
ihise  with  each  other.  All  parts  of  the  alimentary  canal 
sympathise.  Whenever  the  saliva  is  profusely  secreted, 
the  gastric  juice  "  sympatiiises,''  and  is  also  secreted ; 
and  any  irritation  of  the  mucous  membrane  of  the 
stomach  increases  the  flow  of  saliva  This  is  a  fact  to 
be  borne  in  mind,  the  more  so  as  few  persons  seem 
thoroughly  aware  of  it,  although  it  serves  as  a  simple 
indication  of  an  irritated  state  of  the  stomach,  which 
they  might  well  note.  In  my  own  person  I  have  fre- 
quent experience  of  it ;  and  the  presence  of  ah  unusual 
flow  of  saliva  is  always  a  warning  to  me  that  the  mucous 
membrane  of  my  stomach  is  affected.  Dr  Qairdner 
mentions  the  remarkable  case  of  a  man  who  secreted 
from  six  to  eight  ounces  of  saliva  during  a  meal  of 
broth  which  was  injected  into  his  stomach ;  and  the 
reverse  has  been  observed — an  excitation  of  the  nerves 
of  taste  producing  a  flow  of  gastric  juice  and  bila* 

The  deduction  from  these  facts  is  simple  and  im- 
portant All  who  are  troubled  with  a  deficiency  of 
gastric  juice  should  be  careful  to  let  their  food  be  as 
full  of  flavour  as  possible.    Tasteless  food,  by  leaving 

*  Gairdveb  :  Edifi.  Med,  and  Swrg,  JournaX,  ztL  8^ ;  Bbown 
SSQUABD :  "  Lectures"  in  fMneet,  Not.  1868,  p.  487. 
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the  nerves  of  taste  compaxatiyely  quiet,  leaves  the  se- 
cretion of  gastric  juice  proportionately  feeble.  Food 
which  has  a  relish  can  be  more  easily  digested.  Every 
one  knows  that  we  can  eat  a  variety  of  dishes  with  less 
labour  in  digestion,  than  a  smaller  quantity  of  one  kind 
of  food,  simply  because  the  variety  of  "  relish  *'  makes 
the  digestive  process  more  active. 

It  is,  I  conceive,  from  the  same  law  of  sympathetic 
action  that  smoking,  after  a  meal,  assists  digestion. 
There  has  been  much  discussion  respecting  the  injuri- 
ousness  of  smoking,  ever  since  Tobacco  was  first  dis- 
covered ;  but  as  Physiology  was — and  stiU  is  in  most 
circles — little  understood,  a  very  considerable  amount 
of  nonsense  has  been,  and  continues  to  be,  uttered  on 
this  question.  It  is  a  positive  fact  that  the  gastric 
secretion  can  at  any  time  be  produced  by  simply  stimu- 
lating the  salivary  glands  with  tobacco  ;  and,  as  before 
stated,  whatever  stimulates  the  secretion  of  saliva  pro- 
motes that  of  the  gastric  juice.  Smoking  does  this. 
A  cigar  after  dinner  is  therefore  to  that  extent  benefi- 
cial   Not  so  before  a  meal 

But  the  action  of  tobacco  is  not  confined  to  this — ^it 
has  other  influences,  some  beneficial,  some  injurious  ; 
the  amount  of  injury  depends  on  the  nature  of  the 
organism ;  and  therein  each  person  must  judge  for  him- 
self There  is  only  one  caution  which  it  is  right  to 
place  before  the  reader.  When  tobacco  is  said  to  be 
not  injurious,  but  beneficial,  it  must  always  be  under* 
stood  to  mean  tobacco  in  small  quantities.  Excess  in 
tobacco  is  yery  injurious  ;  so  also  is  excess  in  alcohol ; 
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SO  also  would  be  excess  in  mutton-cliops.  All  excess 
is  dangeroua  All  stimulants  should  be  used  sparingly. 
Yet  the  man  who  never  thinks  of  exceeding  his  half  a 
pint  of  wine^  or  pint  of  beer,  daily,  makes  no  scruple 
of  smoking  a  dozen  cigars.  From  my  own  experience, 
rendered  vigilant  as  I  am  by  a  delicate  digestion,  and 
an  easily  disturbed  organism,  I  can  conscientiously  say 
that  two  cigars  daily,  always  taken  after,  and  never 
before,  the  chief  meals,  have  proved  themselves  to  be 
decidedly  beneficial  in  many  directions ;  but  I  should 
no  more  think  of  increasing  that  quantity,  than  of 
increasing  my  daily  quantity  of  coffee  or  beer.  Other 
organisms  could  of  course  endure  greater  quantities. 
Each  must  determine  the  proper  limit  for  himself,  and 
having  detennined  it,  abide  by  it 

Among  the  many  slight  causes  of  impaired  digestion 
is  to  be  reckoned  the  very  general  disregard  to  eating 
between  meals.  The  powerful  digestion  of  a  growing 
boy  makes  light  of  all  such  irregularities  ;  but  to  see 
adults,  and  often  those  by  no  means  in  robust  health, 
eating  muffins,  buttered  toast,  or  bread-and-butter,  a 
couple  of  hours  after  a  heavy  dinner,  is  a  distressing 
spectacle  to  the  physiologist.  It  takes  at  least  four 
hours  to  digest  a  dinner  ;  during  that  period  the  sto- 
mach should  be  allowed  repose.  A  little  tea,  or  any 
other  liquid,  is  beneficial  rather  than  otherwise ;  but 
solid  food  is  a  mere  encumbrance  :  there  is  no  gastric 
juice  ready  to  digest  it ;  and  if  any  reader,  having  at 
all  a  deUcate  digestion,  will  attend  to  his  sensations 
after  eating  muffin,  or  toast,  at  tea,  unless  his  dinner 
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has  had  time  to  digest,  he  will  need  no  sentences  of 
explanation  to  convince  him  of  the  serious  error  pre- 
valent in  English  families  of  making  tea  a  light  meal, 
qnickly  succeeding  a  substantial  dinner. 

Begnlarity  in  the  hours  of  eating  is  far  fix>m*  neces- 
sary ;  but  regularity  of  intervcUsia  of  primary  import- 
ance. It  matters  little  at  what  hour  you  lunch  or  dine, 
provided  you  allow  the  proper  intervals  to  elapse  between 
breakfast  and  luncheon,  and  between  luncheon  and 
dinner.  What  are  those  intervals  ?  This  is  a  question 
each  must  settle  for  himself.  Much  depends  on  the 
amount  eaten  at  each  meal,  much  also  on  the  rapidity 
with  which  each  person  digests.  Less  than  four  hours 
shoidd  never  be  allowed  after  a  heavy  meal  of  meat. 
Five  hours  is  about  the  average  for  men  in  active  work. 
But  those  who  dine  late — ^at  six  or  seven — ^never  need 
food  again  until  breakfast  next  day,  unless  they  have 
been  at  the  theatre ;  or  dancing ;  or  exerting  themselves 
in  Parliament ;  in  which  cases  a  light  supper  is  requisite. 


We  have  thus  traced  Food  through  its  metamor- 
phoses into  Chyle.  As  Chyle,  it  is  absorbed  by  the 
lacteals  and  veins  to  join  the  Blood.  It  is  this  complex 
fluid  which  we  have  now  to  examine. 


CHAPTER   IV. 


THE  STRUCTURE  AND  USES  OF  OUR  BLOOD. 

Blood  the  river  of  life — Erroneous  notions  aboat  medicines  "  purifying** 
the  blood — How  it  circulates— Capillary  Teasels — The  substances  it 
carries :  iron  and  soap — The  blood-discs :  their  disoovery  by  Mai- 
pighi  and  Leeuwenhoek — Hewson'b  researches — Sise  of  the  discs  in 
various  animals — The  nucleus — ^The  colourless  corpuscles:  analogy 
between  them  and  the  AmoBbes — What  is  an  Amoeba  ? — The  parasite 
which  lives  in  our  blood — Development  of  blood-cells — Is  the  blood 
alive  I — Coagulation  and  its  cause — Chemical  composition  of  the 
blood — Variations  of,  in  different  people— Differences  between  arterial 
and  venous  blood  —The  gases  they  contain — Cause  of  the  change  of 
colour— The  marvel  of  the  circulation — Quantity  of  our  blood — ^Blood- 
letting— Transfusion :  history  of  the  attempts ;  when  it  may  be  sue- 
oeasfully  employed — Blood  does  not  form  the  organs  -Vivifying 
elements  of  blood :  arterial  nourishes,  and  venous  excites  the  tissues 
— Oxygen  as  a  condition  of  nutrition— How  does  the  blood  nourish  ? 
— Each  organ  determining  the  nutrition  of  the  rest — Relation  be- 
tween droulation  and  assimilation. 

Blood  is  a  mighty  river  of  life.  It  is  the  mysterious 
centre  of  chemical  and  vital  actions  as  wonderful  as 
they  are  indispensable,  soliciting  our  attention  no  less 
by  the  many  problems  offered  to  speculative  ingenuity, 
than  by  the  important  practical  conclusions  to  which 
our  ideas  respecting  the  Blood  necessarily  lead  By  some 
the  Blood  is  regarded  as  the  source  of  all  diseases^  and 
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to  "purify  the  Blood*'  is  the  object  of  their  treatment 
Many  quacks  seize  on  this  notion,  and  in  sublime  ignor- 
ance of  the  nature  of  the  Blood  they  profess  to  purify, 
and  of  the  means  by  which  their  drugs  could  possibly 
purify  it,  make  fortunes  out  of  the  credulity  of  the  pub- 
lic. I  would  warn  my  readers  at  the  outset  against  this 
notion  of  "  purifying"  their  Blood.  Not  that  the  Blood 
is  always  healthy  and  pure,  free  from  hurtful  substances, 
and  rich  in  needful  substances ;  but  Nature  herself 
takes  this  purification  in  hand,  whenever  it  is  pos- 
sible— or,  to  speak  less  ambiguously,  the  organic  pro- 
cesses upon  which  our  existence  depends  for  its  con- 
tinuance are  themselves  the  means  by  which  the  Blood 
is  kept  at  its  proper  standard,  hurtful  substances 
removed,  and  needful  substances  carried  to  it.  The 
Blood  is  not  like  a  river  into  which  anjrthing,  and 
in  any  amount,  may  be  introduced  from  without. 
It  gets  rid  of,  or  destroys,  all  substances  which  do  not 
form  part  and  parcel  of  its  own  structure ;  or,  fail- 
ing in  that,  it  ceases  to  act  as  living  blood.  And 
of  those  substances  which  form  part  and  parcel  of  its 
structure,  it  will  only  take  up,  or  retain,  certain  defi- 
nite quantities — the  surplus  is  rapidly  got  rid  o£  Let 
a  man  drink  gallons  of  water,  and  his  blood  will  not 
be  more  watery  than  befora  Let  him  take  quantities 
of  salt,  and  his  blood  will  not  be  more  saline.  In  the 
incessant  changes  which  take  place  within  the  circulat- 
ing system,  the  Blood  itself  constantly  tends  towards 
uniformity  of  composition. 

Nor  is  this  alL    On  the  supposition  that  we  could 
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''purify  the  blood''  of  a  diseased  patient,  nothing 
would  be  gained  by  it,  as  respects  his  cure ;  for  the 
malady  under  which  he  labours  does  not  lie  in  the 
blood,  but  in  the  tissues  ;  and  when  they  are  in  a  dis- 
eased condition,  it  is  of  no  use  to  present  them  with 
purer  blood;  because,  although  they  take  from  the 
blood  aU  the  materials  for  their  nutrition,  they  can  only 
take  such  as  their  condition  allows.  But  we  shall 
explaiQ  this  more  fully  hereafter. 

This  river  of  Life  is  impetuously  rushing  through 
every  part  of  the  body,  by  means  of  an  elaborate  net- 
work of  canals.  In  the  course  of  the  year,  these  canals 
carry  not  less  than  three  thousand  pounds'  weight  of 
nutritive  material  to  the  various  tissues,  and  three 
thousand  pounds'  weight  of  wasted  material  ^rom  the 
tissues. 

At  eveiy  moment  of  our  lives  there  is  something 
like  ten  pounds  of  Blood  rushing  along  in  one  uninter- 
rupted  throbbing  stream,  from  the  heart  through  the 
great  arteries,  which  branch  and  branch  like  the 
boughs  of  a  tree,  the  vessels  becoming  smaller  and 
smaller  as  they  subdivide,  till  they  are  invisible  to  the 
naked  eye,  and  are  then  called  capillaries  (hair-like 
vessels),  although  they  are  no  more  to  be  compared  in 
size  with  hairs,  than  hairs  are  to  be  compared  with 
cables.  These  capillaries  form  a  network  much  finer 
than  the  finest  lace — so  fine,  indeed,  that  if  we  pierce  the 
surface,  at  almost  any  part,  with  the  point  of  a  needle,' 
we  open  one  of  these  vessels  and  let  out  its  contents. 
But  as  even  this  will  not  convey  an  idea  of  the  fine- 
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iiess  of  the  capillary  network,  we  will  give  a  figure  of 

the  vessels  on  the  surface  of  a  rabbit's  liver,  magnified 

eleven  times.  ^,    „ 

This,  which  we  have 

copied  from  Virchow, 

shows  us  how  densely 

crowded    the    vessels 

are  ;    they    seem     to 

form  nearly  the  whole 

bulk  of  the  liver. 

ThroBgh  the  tvaih 
of  these  capillaries,  the  ^apilukv  BiwiDKESMua"  tb.  liti.«. 
Blood  suffers  some  of  its  nutritive  material  to  ooze, 
receiving  in  exchange  the  worn-out  mat«rial  of  the  tis- 
sues. The  Blood  has  now  ceased  to  be  arterial,  and  has 
become  venous.  The  stream  continues  its  course  through 
the  veins,  which,  commencing  in  the  capillaries,  reverse 
the  arrangement  we  noticed  in  the  arteries,  and  become 
less  and  less  numerous,  their  twigs  becoming  branches, 
and  their  branches  trunks,  till  they  reach  the  heart 

In  this  ceaselessly-circulating  stream  forty  or  more 
different  substances  are  hurried  along :  it  carries  gases, 
it  carries  salts,  it  carries  metals — nay,  it  carries  what 
may  be  called  soaps.  The  iron,  which  it  washes  on- 
wards, can  be  separated ;  and  Prof.  B^rard  used  to 
exhibit  a  lump  of  it  in  Ills  lecture-room — so  that  one 
ingenious  Frenchman  was  led  to  suggest  that  coins 
should  be  struck  from  the  metal  extracted  &om  the 
blood  of  great  men  I  Lest  this  statement  should  mis- 
lead the  reader,  I  will  add  that  the  quantity  of  iron  in 
the  blood  is  extremely  small ;  but  as  the  quantity  of 
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blood  is  large,  and  is  perpetually  being  renewed,  it 
affords  the  chemist  the  means  of  extracting  a  lump  of 
iron  &om  it 

Let  us  now  examine  the  principal  constituents  of 
this  organic  structure — ^first  its  solid,  and  then  its 
liqxud  parts. 

1.  The  Bloodrdisea,  —  Although  to  the  naked  eye 
the  blood  appears  a  simple  fluid,  haying  a  colour 
more  or  less  scarlet,  the  microscope  assures  us  that  it 
is  a  fluid  which  carries  certain  solid  bodies  of  definite 
shape  and  si^e — so  definite,  indeed,  that  a  mere  stain, 
no  matter  where,  will,  to  the  experienced  eye,  betray 
whether  it  be  the  blood  of  a  mammal,  a  bird,  a  reptile, 
or  a  fish. 

Prick  your  finger  with  a  needle,  place  the  drop  on 
the  glass-slide  under  your  microscope,  cover  it  with  a 
thin  glass,  and  look.  You  will  be  surprised,  perhaps, 
to  observe  that  the  blood  Fig.  9. 

which  had  so  deep  a  tint 
of  scarlet  in  the  mass,  is 
of  a  pale  reddish  yellow, 
now  that  it  is  spread  out 
on  the  slide;  whereupon 
you  conclude  that  the 
depth  of  tint  arose  from 
the  dense  aggregation  of 
those  reddish-yellow  diaca^  blood.diwx. 

which  you  observe  scattered  about,  some  of  them  stick- 
ing together,  and  presenting  the  appearance  of  piles  of 
half-sovereigns. 

It  is  these  "  floating  solids"  of  the  blood  upon  which 
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your  attention  must  now  be  fixed*  They  are  varionsly 
named  Blood-corpttsdes,  Blood-globides,  Bloodrcells, 
and  Blood-discs,  It  is  a  pity  that  one  term  is  not 
finally  adopted ;  and  blood-discs  seems  on  the  whole 
the  best,  as  being  descriptive,  without  involving  any 
hypothesis.  Meanwhile,  since  physiologists  use  all 
these  terms,  the  reader  must  be  prepared  to  meet 
with  all. 

The  first  person  who  saw  these  blood-discs  was  un- 
doubtedly Swammerdamm,  in  1658  ;  but  as  his  obser- 
vations were  not  published  till  a  century  afterwards, 
and  as  in  Science  priority  can  only  rightfully  be 
awarded  to  him  who  first  publishes,  the  title  of  dis- 
coverer is  given  to  Malpighi,  who  saw  and  described 
them  in  the  blood  of  a  hedgehog  in  1661.  He  saw 
them,  but  did  not  understand  them.  They  appeared 
to  him  to  be  only  globules  of  fat. 

The  commencement  of  accurate  knowledge  dates 
from  Leeuwenhoek,  who,  in  1673,  detected  them  in 
human  blood.  "These  particles,"  he  says,  "are  so 
minute,  that  one  hundred  of  them  placed  side  by  side 
would  not  equal  the  diameter  of  a  common  grain  of 
sand ;  consequently,  a  grain  of  sand  is  above  a  million 
times  the  siae  of  one  such  globule.'"  * 

We  have  now  the  exact  measurement  of  these  discs, 
which  was  Bot  possible  in  his  day.  Extending  his 
observations,  Leeuwenhoek  found  that  in  birds  and 
fishes,  as  well  as  in  quadrupeds,  the  colour  of  the  blood 
was  due  to  these  discs.    He  seems  to  have  been  puz- 

*  Leeuwenhoek  :  Seled  Works,  i.  89. 
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zled  bj  the  fact,  that  in  fishes  the  discs  are  not  round, 
but  oval ;  and  he  at  first  attributed  this  to  the  com- 
pression exercised  by  the  vessels.  It  is  instmctive  to 
hear  him  confess  that  he  could  not  persuade  himself 
^*  that  the  natural  shape  of  the  particles  of  blood  in 
fishes  was  an  oval ;  for  inasmuch  as  a  spherical  seemed 
to  me  the  more  perfect  form."  *  He  was  too  good  an 
observer,  however,  to  permit  such  metaphysical  con- 
ceptions long  to  mask  the  truth,  and,  accordingly,  he 
described  and  figured  the  blood-discs  in  the  fish  as 
oval-f 

It  is  to  Hewson  that  science  is  indebted  for  the  most 
accurate  and  exhaustive  investigation  of  the  blood 
which  has  been  made  from  1770  down  to  our  own 
time;  and  it  has  been  even  asserted  by  one  whose 
word  is  an  authority^  that  Hewson's  works  contain  the 
germ  of  all  the  discoveries  made  in  our  own  day. 

There  is  something  at  once  painful  and  instructive 
in  the  fiict,  that,  after  the  publication  of  researches  so 
precise  and  important  as  those  of  Leeuwenhoek  and 
Hewson,  the  whole  subject  should  have  been  suffered 
for  many  years  to  lapse  into  ignorant  neglect ;  and  in- 
stead of  any  progress  being  made,  we  find  the  most 
eminent  physiologists  at  the  beginning  of  the  present 
eentniy  (Bicherand  and  Majendie,  for  example)  deny- 

*  Lkextwexhoek,  Sdtei  Worh,  iL  238. 

i*  In  the  larva  of  the  Ephenuron  the  blood-diBcs  are  as  nearly  as  pos- 
aible  oat^ihaped. 

X  MiLHK  JiDWabdb:  L€fons  tur  laPhys,  tt  FAnat  Comp,,  1  44. 
The  works  of  HxwsoK  have  been  edited,  and  in  a  very  yalnable 
manner,  by  Mr  Gulutsb,  for  the  "  Sydenham  Society." 
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ing  positively  that  the  blood-discs  existed,  or  that  the 
microscope  could  tell  ns  anything  about  them*  Never- 
theless, there  is  not  an  anuitenr  of  the  present  day  who 
is  not  familiar  with  them.  Science  has  carefully  re^s- 
tered  the  exact  measurements  and  forms  of  these 
discs,  in  upwards  of  five  hundred  different  species  of 
animals. 

Contempt  of  microscopic  research  seriously  retarded 
the  progress  of  Physiology ;  it  has  its  parallel  in  a 
similar  contempt  inspired  by  the  great  Linnaeus  re- 
specting the  application  of  the  microscope  to  Botany ; 
and  as  the  physiologists  of  this  century  have  had  to 
rediscover  what  was  known  to  Leeuwenhoek  and  Hew- 
son,  so  also  have  the  botanists  had  to  rediscover  what 
was  fGuniliar  to  Malpighi 

2.  Influence  of  the  Form  of  ike  Discs, — ^There  must 
assuredly  be  some  relation  between  the  form  and  size 
of  these  discs  and  their  fwnction  ;  but  what  that  rela- 
tion is,  no  one  has  yet  made  out  In  general,  the 
larger  discs  are  found  in  the  less  advanced  organisms  ; 
that  is  to  say,  they  are  larger  in  the  embryo  than  in 
the  adult,  larger  in  birds  than  in  mammals,  larger  in 
reptiles  and  fishes  than  in  birds.  But  they  are  largest 
of  all  in  the  Triton  and  Proteus,  which  being  reptiles 
are  exceptions  to  this  rule.  Nor  can  the  rule  be  taken 
absolutely,  even  within  those  limits  we  have  named, 
since  although  reptiles  are  less  advanced  in  organisa- 

*  Milne  ik)WAiUDS  notices  a  similar  deniAl  made  by  M.  QiAomsxsi 
at  the  Pisa  Congress  of  scientific  men  in  1839— a  denial  which  pre- 
tended to  be  based  ou  original  InTestigations, 
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tion  than  mammals,  and  have  larger  discs,  it  is  not  the 
least  advanced  among  the  mammals  that  have  the 
largest  discs ; — for  instance,  the  ruminants  are  less 
advanced  than  the  quadrnmana,  yet  among  mammals 
the  ruminants  have  the  smallest  discs ;  and  in  man 
they  are  as  large  as  in  rodents  * 

3.  Structure  of  the  Discs. — ^The  structure  of  these 
bodies  is  necessarily  difficult  of  study.  Leeuwenhoek, 
and  others,  observed  that  in  the  discs  of  the  fish  and 
reptile  there  is  always  a  central  spot,  which  appears 
dark,  or  clear,  according  as  it  is  viewed  by  transmitted, 
or  reflected,  light  This  appearance  was  interpreted  as 
indicating  a  hole  in  the  discs,  which  made  them  re- 
semble quoits.  But  Hewson  settled  the  point  by 
proving  the  central  spot  to  be  a  solid  nttdeus,  which 
he  saw  escaping  from  its  envelope,  and  floating  free  in 
the  liquid — ^an  observation  subsequently  confirmed. 

It  is  worthy  of  remark  that  this  nucleus  is  seen  with 
difficulty  when  the  blood  is  newly  drawn  frcm  a  vessel, 
although  it  speedily  becomes  distinct,  especially  if  a 
little  water  be  added.  This  has  led  Valentin,  Wagner, 
Henle,  Bonders,  and  Moleschott  to  the  conclusion  that 
the  nucleus  is  not  present  in  living  discs,  but  arises 
from  internal  coagulation  on  exposure  of  the  discs  to 
the  air  :  a  conclusion  rejected  by  Mayer  and  Eolliker, 
the  former  averring  that  he  has  seen  the  nucleus  while 

*  In  man  their  diameter  varies  between  ^v  and  ib\io  of  an  inch  ; 
and  their  average  thickness  is  nkjn  of  an  inch.  Vierordt  estimates 
that  in  about  t^  of  a  cubic  inch  there  are  as  many  as  5,055,000  of  these 
discs. 
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the  blood-discs  were  still  diculatmg  in  the  capillaries 
of  a  young  frog's  foot  I  have  not  been  able  to  see 
this  in  the  large  discs  of  the  Triton,  and  know  not  if 
Mayer's  observation  has  been  confirmed  by  any  other 
microscopist 

The  most  perfect  opportimity  I  ever  enjoyed  of  see- 
ing the  nndens,  imder  the  circnmstances  mentioned 
by  Mayer,  was  with  Professor  yon  Siebold,  when  ex- 
amining the  gills  of  the  embryo  of  Saiamandra  atra. 
This  salamander  brings  forth  its  yomig  alive ;  but  it 
lives  high  up  in  the  mountains,  out  of  the  reach  of 
water,  and  its  young  would  perish  were  they  to  come 
into  the  world  like  the  young  of  other  salamanders; 
namely,  as  tadpoles.  Instead,  therefore,  of  going 
through  its  metamorphoses  in  the  water,  the  young 
Saiamandra  aJbra  goes  through  them  in  its  mother's 
body,  and  is  bom  with  perfect  lungs,  and  without  gills. 
Professor  von  Siebold  removed  two  or  three  of  these 
young  ones  before  they  had  completed  their  metamor- 
phoses, while  therefore  they  were  still  in  the  tadpole 
state ;  and  the  elegant  appearance  under  the  micro- 
scope of  their  long  delicate  gills,  like  gelatinous  fern- 
leaves,  was  exquisite.  The  excessive  transparency  of 
these  gills  rendered  our  observation  of  the  circulation 
peculiarly  favourable ;  but  although  I  gave  special 
attention  to  it,  I  could  not  detect  the  nucleus. 

But  there  are  other  grounds  on  which  I  should  be 
disposed  to  accept  the  fact  of  the  nucleus  being  nor- 
mally present,  and  not  simply  the  result  of  coagula- 
tion :   the  chief  of  these  is,  that  in  the  embryo  of 
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every  mammal  we  discover  nuclei  in  the  discs,  whereas 
in  the  adult  animal  no  nuclei  are  discoverable,  even 
after  long  exposure  to  the  air ;  and  the  philosophic 
zoologist  well  knows  in  how  many  minute  particulars 
the  embryonic  state  of  the  .higher  animals  represents 
the  permanent  state  of  the  lower.  In  the  discs  of  all 
adult  mammalia  the  nucleus  is  absent ;  what  has  some- 
times been  mistaken  for  it  is  simply  a  central  depres- 
sion of  the  disc,  which  gives  it  the  form  of  a  bi-concave 
lens.  Nevertheless,  although  the  nucleus  is  absent  in 
the  adult,  it  is  present  in  the  embryo. 

Bobin  says  that  almost  all  the  discs  have  a  nucleus 
when  first  the  blood  appears,  but  even  then  some  are 
without  it.  "  By  the  time  the  embryo  has  attained  a 
length  of  thirty  miUimitres,  at  least  one-half  of  the 
discs  are  without  a  nucleus,  and  the  number  goes  on 
increasing,  although  even  as  late  as  the  fourth  month 
a  few  rare  examples  may  be  found.''  From  that  period, 
he  says,  they  are  no  longer  visible  in  the  human  sub- 
ject ;  *  but  I  have  seen  on  two  occasions  what  may 
have  been  the  nucleus  in  a  few  discs  of  a  newborn 
kitten,  and  one  in  a  drop  of  blood  of  an  adult  mole,  f 

4.  The  Colourless  Corpuscles.  —  There  are  other 
bodies  in  the  blood  beside  these,  and  they  are  known 

*  C.  BoBiK :  Sur  quelpies  poirUi  de  VAnat,  et  de  la  Pkys,  des  globule* 
rouges,  in  Brown-Sequard^  Journal  de  la  Phytiologie,  i.  288. 

t  Mr  Wharton  Jonbs,  one  of  our  best  investigators,  says  that  the 
blood  of  the  elephant  and  the  horse  contains  a  few  of  these  nucleated 
discs.  Nabse  has  seen  them  in  the  blood  of  pregnant  women,  and  Mr 
BuBK  found  one  in  that  of  a  man.  KtfLLiKER  disputes  the  accuracy  of 
these  observations,  and  thinks  that  in  each  case  the  nucleus  was  pro* 


250    THE  STBUCTURE  AND  USES  OF  OUR  BLOOD. 

as  the  colourless  corpuscles,  which  consist  of  two,  if 
not  three,  difTerent  kinds.  The  true  colourless  cor^ 
puscle  (and  it  will  be  convenient  to  confine  the  term 
disc,  or  cell,  to  the  red  corpuscle)  is  much  larger  thaa 
the  disc,  and  seems  to  be  a  round  vesicle  containing  a 
number  of  excessively  minute  particles  imbedded  in  a 
gelatinous  substance.  This  corpuscle  has  the  property 
of  spontaneous  expansion  and  contra^ion,  which  for- 
cibly reminds  the  observer  of  the  contractions  and 
expansions  of  that  singular  microscopic  animalcule, 
the  ATnoBba,  probably  the  very  simplest  of  all  organic 
beings. 

Some  of  my  readers  are  probably  not  acquainted 
with  even  the  name,  much  less  the  nature,  of  this 
microscopic  animal,  which  is  nevertheless  so  interest- 
ing to  naturalists  that  a  goodly  array  of  authorities 
may  be  cited  when  it  is  mentioned.  A  few  words  of 
explanation  will  sufSce  here. 

The  Amoeba  is  a  single  cell :  it  has  no  ''  organs  " 
whatever,  but  crawls  along  the  surface  by  extemporis- 
ing an  arm  or  a  leg  out  of  its  elastic  body ;  this  arm 
or  leg  is  speedily  drawn  in  again,  and  fresh  arms  are 
thrown  out ;  thus,  as  you  watch  it,  you  perceive  it 
assuming  an  endless  succession  of  forms,  justifying  the 
name  of  Proteus  originally  bestowed  on  it 

So  like  the  Amoeba  is  the  colourless  blood-corpuscle, 

duced  by  some  alteration  of  the  contents ;  and  ViBOHOW  makes  it  very 
probable  how  the  optical  illusion  could  be  produced. — Celltilarpalho- 
logie,  1S58,  pp.  10  and  126.  At  any  rate,  the  presence  of  nucleated 
discs  is  the  indication  of  physiological  inferiority,  and  we  may  perhaps 
find  them  in  certain  cases  of  disease. 
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tbat  many  observers  have  not  hesitated  to  adopt  the 
opinion  that  these  corpuscles  are  actually  animalcules^ 
and  that  our  blood  is  a  select  viyarium ;  an  opinion 
whidi  is  not  very  tenable,  and  is  &r  from  necessary 
for  the  purposes  of  explanation.  We  may  admit,  and 
the  point  is  of  philosophic  interest,  that  the  blood- 
corpuscles  are  analogous  to  the  Amoebae,  without  ad- 
mitting them  to  be  parasites. 

Considering  the  wondrous  imiformity  in  the  organic 
creation,  considering  how  life  seems  everywhere  to 
manifest  itself  under  forms  which  through  endless 
varieties  preserve  an  uniformity  not  less  marvellous — 
80  few  and  simple  seem  to  be  the  laws  of  organic  com- 
bination—  there  is  nothing  at  all  improbable  in  the 
idea  that  as  the  Amoeba  is  a  starting-point  of  the 
animal  series,  an  analogous  form  may  also  be  deve- 
loped in  the  blood  In  many  of  the  lower  animals  the 
blood  abounds  in  these  Amoeba-like  cells*  Moreover, 
the  very  substance  of  the  fresh-water  Folj^sometirxies 
breaks  up  into  several  distinct  masses,  which  can  in  no 
respect  be  distinguished  from  Amoebce.t 

Although  it  is  wrong  to  consider  these  Amoeba-like 
corpuscles  to  be  parasites,  I  may  mention,  in  passing, 
that  the  blood  has  its  peculiar  parasite,  and  a  very 

*  They  have  been  seen  in  mollusca,  craataceft,  and  insects.  I  have 
seen  them  in  the  beautiful  transparent  Corethra  larra. 

•f*  Sometimes,  but  often  not ;  so  that  the  phenomenon  probably  de- 
pends on  the  state  of  tiio  animal.  Ecker  describes  a  "contractile 
sabstanoe"  in  the  Hydra,  which  he  likens  to  the  Amoeba,  but  his 
.figures  do  not  at  all  resemble  the  contractile  masses  which  I  saw,  and 
which  indeed  were  so  like  AmoBbee  as  to  make  me  believe  at  first  that 
the  Polype  had  swallowed  them. 
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smgular  aBimal  it  ia  Bilharz  describes  it,  under  the 
name  of  Distoma  hcBmatobium,  as  a  donble  animal,  the 
sexes  being  perfectly  separate,  the  male  lodging  the 
female  in  a  sort  of  tube  extending  along  its  stomacL 
With  two  heads  and  two  tails,  it  seems  only  to  have 
one  body.  This  specimen  of  ''two  single  parasites 
rolled  into  one,''  is  only  found  in  the  blood  of  man, 
and  is  as  limited  in  its  choice  of  a  home  as  the  parasite 
which  finds  a  home  in  the  brain  of  the  sheep  (produc- 
ing there  the  "  staggers,"  well  known  to  farmers),  or 
the  parasite  which  gives  pigs  the  "measles."* 

The  colourless  corpuscles  are  not  numerous  in  healthy 
human  blood,  and  play  but  a  secondary  part,  unless  we 
assume,  with  many  physiologists,  that  they  are  the  early 
stage  of  the  red-4iscs.  Professor  Draper  speaks  unhe- 
sitatingly to  this  effect.  He  says  there  are  three  periods 
in  the  history  of  our  blood-cella  Those  of  the  first 
period  originate  simultaneously  with,  or  even  previously 
to,  the  heart — these  are  the  embryonal  cells  which  are 
colourless  and  nucleated.  The^e  becoming  liquid  inter- 
nally, are  developed  into  the  cells  of  the  second  period, 
which  are  red,  nucleated,  and  oval,  like  the  normal  cells 
of  reptiles.  The  cells  of  the  third  period  replace  these, 
''the  transition  being  clearly  connected  with  the  pro- 
duction of  lymph  and  chyle  corpuscles."  This  change 
takes  place  at  the  close  of  the  second  month  of  foetal 
life ;  and  from  henceforwards  no  change  is  observable ; 
the  cells  continue  to  be  red,  bi-concave,  non-nucleated, 
and  circular.    "  The  cell  of  the  first  period  is  therefore 

«  BUJEURZ  in  SnEBOLD  ii.  EoLLiKXB'B  ZeUtchrifi,  1848,  p.  207. 
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spherical,  white,  and  nucleated ;  that  of  the  second^ 
red,  disc-shaped,  and  nndeated ;  t£at  of  the  third,  red, 
disc-shaped,  bi-concave,  and  non-nucleated.  The  pri- 
mordial cell  adyances  to  development  in  different  orders 
of  living  beings.  The  blood  of  the  invertebrated  ani-* 
mals  contains  coarse  granule-cells,  which  pass  forward 
to  the  condition  of  fine  granule-cells,  and  reach  the 
utmost  perfection  they  are  there  to  attain  in  the  col- 
ourless nucleated  cell  of  the  first  period  of  man  In 
oviparous  vertebrated  animals,  the  development  is  car-* 
ried  a  step  further,  the  red  nucleated  cell  arising,  and 
in  them  it  stops  at  this,  the  second  period.  In  mam- 
mals the  third  stage  is  reached  in  the  red  non-nucle- 
ated  disc,  which  is  therefore  the  most  perfect  form.^  *' 

The  resemblance  here  indicated  between  the  transi- 
iory  forms  of  the  blood  in  the  higher  animals,  and  the 
permcment  forms  of  the  blood  in  the  lower  animals, 
points  at  a  hidden  law  of  organic  combination  which 
will  perhaps  one  day  be  detected,  and  which  will  effect 
for  Biology  as  much  as  the  law  of  definite  proportions 
has  effected  for  Chemistry.  No  one  can  have  studied 
the  development  of  animals,  without  being  profoundly 
impressed  with  the  conviction  that  there  is  something 
deeper  than  coincidence  in  the  recurrence  of  those 
forms,  however  transitory,  which  characterise  the  per- 
manent condition  of  some  animals  simpler  in  organ- 
isation. 

The  colourless  corpuscles  are  found  by  Moleschott 
to  be  far  more  numerous  in  children  than  in  adults. 

*  Draper  :  Huiman  Physiology^  p.  115. 

U 
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The  difference  between  the  blood  of  youth,  manhood, 
and  old  age,  is  but  trifling ;  yet  there  is  a  continual 
decrease  with  age.  Women,  when  in  their  ordin- 
ary condition,  hare  fewer  corpuscles  than  men;  but 
during  pregnancy,  and  other  periods,  the  quantity 
increases,  without,  however,  reaching  that  in  the 
blood  of  children.  Albuminous  food  increases  the 
quantity.* 

5.  Is  the  Blood  alive  t — ^After  making  ourselves  ac- 
quainted with  these  blood-cells  and  their  history,  which 
even  the  amateur  may  do  with  pleasure  and  profit,  we 
shall  have  to  meet  the  question — la  the  blood  alive  t — 
a  question  often  debated,  and  not  without  its  interest 
to  the  speculative  mind.  Harvey  t  held  the  blood  to 
be  the  "  primigenial  and  principal  part,  because  that 
in  and  from  it  the  fountain  of  motion  and  pulsation  is 
derived ;  also  because  the  animal  heat  or  vital  spirit  is 
first  radicated  and  implanted,  and  the  soule  takes  up 
her  mansion  in  it."  We  see  here  the  influence  of  the 
ancient  philosophy.  Harvey  further  declares,  ''Life 
consists  in  the  blood  (as  we  read  in  Holy  Scripture), 
because  in  it  the  life  and  Soule  do  first  dawn  and 
last  set  .  .  .  The  blood  ia  the  genital  part,  the  foun- 
tain of  Life,  primu/m,  vivens,  uUimum  Tooriene,'* 

Harvey's  views  were  taken  up,  with  modifications, 
and  argued  earnestly  by  Hunter,  in  his  celebrated  work 
On  the  Blood.    The  constant  objection  urged  against 

♦  Wiener  Med,  Woehentdirift,  1864.    No.  8. 

"t*  HiJtysT :   Anatomical  Exercitaticns  concerning  the  Generaiiom  of 
lAwng  CreattLret,  1658.    Ezc.  61,  p.  276. 
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Hunter  by  his  contemporaries  and  successors,  was  their 
inability  to  conceive  a  living  liquid;  but  Mihie  Ed- 
wards meets  this  by  saying  that  it  is  not  the  liquid 
which  is  alive,  but  the  ceUa  floating  in  that  liquid, 
and  these  he  regards  as  organisms. 

The  reader  must  feel  that  the  discussion  of  such  a 
question  cannot  be  brought  to  an  issue,  unless  preceded 
by  an  accurate  definition  of  the  terms  employed.  What 
is  meant  by  the  blood  being  alive?  If  it  be  meant 
that  an  organic  structure,  having  a  specific  composi- 
tion, and  passing  through  a  definite  cycle  of  changes — 
such  as  Birth, '  Orowth,  Development,  and  Death,  can 
truly  be  said  to  live,  then  blood,  which  manifests  these 
eminent  phenomena  of  life,  must  be  pronounced  to  be 
alive. 

This,  however,  no  one  would  think  of  denying.  But 
if  it  be  meant  that  blood  has  an  i/ndepejident  vitality, 
imlike  the  vitality  of  any  other  tissue,  a  vitality  which 
can  be  manifested  apart  from  the  organism,  the  opinion 
seems  wholly  untenable.  Blood  is  vital,  and  has  vital 
properties  ;  but  so  has  every  tissue  of  the  body,  and 
in  no  sense  can  we  attribute  to  it  independent  life. 

6.  The  liquid  Plasma  of  the  Blood. — Having  touched 
upon  the  floating  solids,  we  must  now  direct  attention 
to  the  liquid  in  which  they  float.  This  is  called  the 
plasma,  or  liquor  of  the  blood — liquor  sanguinis. 

Although  this  plasma  is  perfectly  liquid  when  in  the 
vessels,  yet  no  sooner  does  it  pour  from  them,  than 
there  separates  from  it  a  sort  of  jelly,  leaving  behind 
a  yellow  fluid     This  jelly-like  mass  is  Fibrine  ;  the 
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yellow  fluid  is  the  serum.  As  the  Fibrine  separates, 
and  becomes  solid,  it  entraps  some  of  the  red-discs  in 
its  meshes,  and  the  two  are  then  named  the  dot  The 
process  of  becoming  solid  is  called  coagtdation. 

The  following  figure,  copied  from  Virohow,  repre- 
sents   the    aspect  __    ,. 
of  this  coagulated 
Fibrine,  magnified 
280  times.     At  c 
the  discs  may  be  j 
observed    entrap- 
ped in  the  meshes. 
The  Fibrine  itsdf 

takes  the  form  of  fubih.. 

fine  and  broad  fibres,  as  seen  at  a  and  b. 

The  fact  of  coagulation  has  always  been  known ; 
indeed,  it  could  not  have  escaped  observation,  being 
the  almost  constant  result  of  exposure  of  blood  to  the 
air.  The  blood  of  all  vertebrate,  and  many  inverte- 
brate animals,  has  this  property ;  but  having  observed 
in  sereral  of  the  Mollusca  that  no  coagulation  takes 
place,  I  propose,  when  my  researches  are  finished, 
to  draw  up  a  list  of  all  the  animals  which  are  thus 
excepted  &om  the  general  law,  hoping  that  these  data 
will  furnish  some  interesting  result 

Although  the  fJMt  was  known  to  the  ancients,  it  was 
only  in  the  17th  century  that  this  coagulation  was 
discovered  to  be  dependent  on  the  solidification  of  a 
peculiar  substance.     Malpighi  *  washed  the  clot  free 

■Malpiohi:  Ojxra  Omnia,  lew,  p.  I2S ;  cited  b;  Milhe  Edwards. 
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from  its  discs^  and  found  that  the  remainmg  substance 
was  a  mass  of  white  fibres.  Borelli,  at  the  same  epoch, 
declared  this  substance  to  be  liquid  in  the  blood,  and 
that  it  coagulated  spontaneously  when,  the  blood  was 
drawn  from  the  veins.  Ruysch  discovered  that  by 
whipping  the  blood,  as  it  poured  out,  the  whipping 
twigs  were  covered  with  a  mass  of  white  elastic  fila- 
ments, exactly  similar  to  that  which  was  got  in  wash- 
ing the  clot  free  of  its  discs. 

This  substance  was  named  Fibrine  by  Fourcroy, 
and  it  was  universally  believed  to  be  identical  with  the 
substance  of  muscular  fibre.  The  idea  was  too  plaus- 
ible not  to  be  at  once  accepted.  The  formation  of 
muscle-fibres  from  fibrine  seemed  the  easiest  thing  in 
the  world;  although  really,  when  the  idea  comes  to 
be  dosely  examined,  it  is  as  wide  a  departure  from  all 
that  we  know  of  the  formation  of  muscle,  as  the  notion 
of  eating  brains  to  get  more  brains,  or  drinking  milk 
to  make  milk.  We  now  know  that  blood-fibrine  is  not 
the  same  substance  as  muscle-fibrine  (which  is  called 
muscuiine,  or  syntonin),  and  we  know  that  muscles 
are  not  formed  by  this  spontaneous  coagulation. 

What  fibrine  is,  whence  it  comes,  and  what  purpose 
it  subserves,  are  questions  upon  which  science  is  at 
present  so  far  from  settled  that  I  shall  say  nothing 
here  about  them.  * 

*  The  Btudent  will  do  well  to  oonsult  SncoN :  Ledures  tm  Pathology , 
p.  49  et  *eq.  Bbown  -  Sequabd's  J&urmil,  I  p.  296.  Bruokb: 
Ueber  die  Urtacke  der  Oerinnung  det  BlvtUt  in  the  Archiv  /Kr  path. 
Anal,  ziL  81.  YiRCHOW :  Cellularpathologie,  148.  Bernard  :  Li- 
guides  de  tOrganirme,  I.  455,466-8;  and  the  works  already  cited  of 
Lehmaivk,  Mulder,  and  Milne  Edwards. 
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There  is  one  point,  however,  which  must  be  noticed. 
It  has  been  xmiyersally  held  that  the  coagulation  was 
simply  the  solidification  of  the  liquid.  Fibrina  Nor 
can  there  be  any  donbt  but  that  the  chief  part  is  played 
by  the  Fibrina  Nevertheless,  some  observations  of 
Claude  Bernard  tend  to  show  that  the  blood  entirely 
deprived  of  its  fibrine  jcan  and  will  coagulate.  He 
whipped  out  all  the  fibrine  from  some  blood,  and  found 
that,  even  when  it  was  impossible  to  get  anymore,  the 
blood  subsequently  coagulated.  He  found,  moreover, 
that  the  blood  of  the  veins  from  the  kidneys  contains 
no  fibrine,  yet  it  coagulates.  And  he  reminds  us  that 
pancreatic  juice  sometimes  shows  a  kind  of  coagulation 
which  cannot  be  attributed  to  the  fibrina  * 

While  it  thus  seems  as  if  blood  could  coagulate 
without  fibrine,  it  is  known  that  blood  will  sometimes 
not  coagulate  even  when  its  fibrine  may  be  assumed 
to  be  present.  Thus  Dr  Bichardson,  to  whose  valuable 
researches  this  question  is  greatly  indebted,  informs 
us  that  "  Morgagni  had  described  the  blood  as  quite 
fluid  after  death  in  only  four  cases :  all  these  were 
cases  in  which  death  ensued  from  slow  arrest  of  the 
respiration.  Drs  Peters,  Qoldsmith,  and  Moses,  three 
American  physicians,  have  published  a  report  on  the 
appearance  of  the  blood  in  20  cases  of  death  resulting 
from  the  excessive  use  of  ardent  spirits.  In  every  case 
the  blood  was  fluid  and  dark,  was  of  a  cherry-juice 
appearance,  and  showed  no  tendency  to  coagulate.  In 
deaths  from  narcotic  poisons,  from  delirium  tremens, 

*  Bernabd  :  Liqvidet  de  rOrganime,  i.  418,  466, 
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typhoid  fever,  and  yellow  fever,  the  blood  is  generally 
described  as  thin  and  uncoagulable.  Dr  John  Davy 
found  the  blood  fluid  and  uncoagulable  on  exposure  in 
cases  of  drowning,  hanging,  suffocation  from  the  fumes 
of  burning  charcoal,  and  effusion  of  blood  into  the 
pulmonary  air-ceUs."  * 

I  said  that  we  might  assume  the  fibrine  of  the  blood 
to  be  present  in  these  cases,  although  it  is  certainly 
allowable  to  assume  that  it  may  not ;  but  in  the  fol- 
lowing curious  example  there  can  be  no  doubt  what- 
ever that  the  fibrine  is  present  Dr  Bichardson  has 
observed,  that  not  only  is  the  blood  drawn  by  a  leech 
entirely  uncoagulable,  but  that  the  bite  of  the  leech 
seems  to  affect  even  the  blood  remaining  in  the  bitten 
vessels ;  since  that  blood  continues  to  flow  much  longer 
from  the  wound,  than  from  a  wound  made  by  the 
lancet ;  and  this,  he  thinks,  can  only  be  because  the 
wound  is  not  stopped  up  by  the  coagulation. 

7.  Cause  of  ike  Coagulation, — ^Why  does  the  blood 
coagulate  out  of  the  vessels,  and  not  in  them  ?  The 
question  has  frequently  been  put,  and  answered  in 
very  contradictory  terms.  In  the  form  in  which  it 
is  often  put,  it  seems  not  less  idle  than  to  ask  why 
roses  have  thorns,  why  the  cohesion  of  iron  is  greater 
than  that  of  day,  or  why  stupid  querists  are  not  enter- 
taining companions  ?  Fibrine  coagulates  because  it  is 
the  property  of  fibrine  to  coagulate,  and  would  always 
do  so  spontaneously,  were  there  not  some  obstacle 
present    We  may  study  the  conditions  which  assist, 

*  BlOHABDSOR :  The  Catueqfihe  Coagulaticn  of  ike  Blood,  1858,  p.  84. 
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and  the  conditions  which  arrest  this  tendency,  but  it 
is  hopeless  to  inquire  into  the  cause  of  the  tendency. 

It  is  said  that  the  blood  would  remain  fluid  were 
there  no  fibrine  present ;  but  this  fibrine  has  a  sponta- 
neous tendency  to  coagulate,  which  can  only  be  pre- 
vented by  the  presence  of  sotne  solvent.  What  is  that 
solvent?  The  researches  of  Dr  Bichardson  satisfac- 
torily establish  some  points  which  go  veiy  far  towards 
a  demonstration  of  the  true  cause,  namely,  the  presence 
of  ammonia  in  the  blood.  He  shows,  in  the  first  place, 
that  ammonia  does  preserve  the  fluidity  of  the  blood, 
if  it  be  present  in  quantities  amounting  to  1  in  8000 
parts  of  blood  containing  2.2  per  thousand  of  fibrine. 
He  shows,  in  the  second  place,  that  the  blood  does  nor- 
mally contain  this  volatile  alkali,  which  is  rapidly  given 
off  during  coagulation.  And  he  shows,  moreover,  that 
the  causes  which  retard  coagulation  are  causes  which 
obstruct  the  giving  out  of  ammonia^  whereas  the  causes 
which  favour  the  giving  out  of  ammonia  hasten  the 
process  of  coagulation.  Finally,  he  shows  that  if  the 
vapour  arising  from  blood  be  caught  in  a  vessel,  and 
then  passed  through  another  mass  of  blood,  the  coagu- 
lation of  this  second  mass  is  suspended.  The  numerous 
and  ingenious  experiments  by  which  Dr  Bichardson 
has  established  these  important  propositions  must  be 
sought  in  his  work,  which  gained  the  Astley  Cooper 
prize. 

There  still  remain  some  difficulties,  however,  which 
are  not  cleared  up  by  this  hypothesis  :  I  refer  especially 
to  the  cases  in  which  the  blood  does  not  coagulate  in 
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spite  of  exposure  to  the  air,  and  to  several  of  those 
mentioned  by  Briicke  in  the  memoir  previously  cited. 

Briicke's  hypothesis  is,  that  contact  with  the  living 
blood-vessels  is  the  necessary  condition  which  arrests 
the  spontaneous  tendency  to  coagulation.  The  blood 
of  a  carp,  he  says,  will  remain  uncoagulated  for  twenty- 
five  hours  in  contact  with  the  waUs  of  the  blood-vessel ; 
but  if  a  glass  tube  be  inserted,  so  as  to  preserve  the 
blood  fix>m  contact  with  the  walls,  all  the  blood  inside 
the  tube  coagulates  just  as  it  would  in  the  open  air. 
This  does  not  explain  why  the  blood  is  incoagulable 
after  death  from  suffocation,  typhus  fever,  &a  In  fact, 
we  have  as  yet  no  demonstration  of  the  cause  sought, 
and  must  await  the  result  of  further  researches. 

8.  Chemical  Composition  of  the  Blood. — Before 
concluding  our  description  of  the  blood,  we  must 
glance  at  its  chemical  composition  ;  for  if  the  micro- 
scope reveals  it  to  be  far  &om  a  simple  fluid,  chemical 
analysis  further  assures  us  that  it  contains  water,  salts, 
sugars,  fats,  and  albuminates.  In  spite,  however,  of 
numberless  analyses  made  with  the  greatest  care,  our 
present  knowledge  is  only  approximative — a  rough 
estimate,  and  that  is  all ;  the  excessive  difiSculty  of 
making  an  unexceptionable  analysis  being  acknow- 
ledged by  all  who  have  attempted  it.  •  We  know  tol- 
erably well  what  the  elementary  composition  is — ^that 
is  to  say,  how  many  atoms  of  carbon,  hydrogen,  &c 
are  included  in  every  1000  parts ;  but  what  the  im- 
mediate composition  is — that  is  to  say,  in  what  forms 
these  atoms  exist  in  the  blood — ^we  do  not  know  so 
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well    The  elementaiy  oompositioii  of  ox  Uood,  when 
all  its  water  is  remoTed,  is  as  follows : — 


Carbon, 

.     519.50 

Hydrogen,     . 

.       71.70 

Nitrogen, 

.     150.70 

Oxygen, 

.     213.90 

Ashes,  . 

44.20 

1,000.00 

The  following  may  be  taken  as  the  nearest  approach 
to  a  table  of  the  sabstances  which  form  the  immediate 
composition  of  every  1000  parts  of  human  blood : — 


Fate,  < 


Water, 

Albomen, 

Fibrine, 

Cellm  |«i°^'^. 

I^Haematin, 

Cholesterine, 

Cerebrine, 

Seroline,   . 

Oleic  and  margaric  acid. 

Volatile  and  odorous  fatty 

acid, 
,  Fat  containing  phosphorus. 
Chloride  of  sodium,     . 
Chloride  of  potassium, 
Tribasio  phosphate  of  soda, 
Carbonate  of  soda, 
Sulphate  of  soda, 

Phosphates  of  lime  and  mag- 
nesia,    .         .         .         . 
^  Oxide  and  phosphate  of  iron, 


Salts,  < 


784.00 
70.00 

2.20 
123.50 

7.50 

0.08 
0.40 
0.02 

0.80 

3.60 
0.36 
0.20 
0.84 
0.28 


0.25 
0.50 
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Extract,  salivary  matter,  urea,  col- 
^  matte;  of  bile,  accidental 
substances,        .         .       '  . 


5.47 


1,000.00 

In  this  table  sugar  is  omitted,  yet  we  know  that 
sugar,  in  varying  quantities,  always  exists  in  the  blood 
quitting  the  liver,  where  it  is  formed  from  albuminous 
matters,  and  is  also  generally  found  in  blood  at  other 
parts  of  the  organism  ;  but,  because  this  sugar  rapidly 
undergoes  transformation  into  other  substances,  its 
amount  cannot  be  estimated. 

AU  analyses  of  the  Blood  hitherto  have  been  only 
rough  estimates.  In  fact,  the  fluid  itself  is  constantly 
changing.  The  following  table,  drawn  up  by  Leh- 
mann,*  gives  the  results  of  analyses  of  the  solid  red- 
discs,  and  the  fluid  or  liquor  sanguinis,  separately 
examined: — 

1000  parts  Red  Discs  are  composed  of — 

Water, 688.00 

Solid  remains,    ....         312.00 

Specific  weight,    .         .         .         1.0885 

Haematin,           ....  16.75 

Globulin  and  cell  membrane,        .  282.22 

Fat, 2.31 

Extractive  matters,     .         .         .  2.60 

Mineral  substances,  excluding  iron,*|-  8.12 

*  LsHUANir,  ii.  ISl. 

i*  The  iron  is  reckoned  with  the  hcmatin. 
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Chlorine, 

1.086 

Sulphuric  acid, 

0.066 

Phosphoric  acid, 

1.134 

Potassium, 

3.328 

Sodium,    .         •         •         . 

1.052 

Oxygen,    .... 

0.667 

Phosphate  of  lime, 

0.114 

Phosphate  of  magnesia, 

0.073 

1000  parts  Liquor  Sanguinis  are  composed  of — 


Water, 

902.90 

Solid  remains,    .         .         .         , 

97.10 

Specific  weight,    • 

1.028 

Fibrin, 

4.05 

Albumen,           .         .         •         . 

78.84 

Fat, 

1.72 

Extractive  matters,    . 

3.94 

Mineral  substances,    • 

8.55 

Chlorine,            .         .         .         . 

3.644 

Sulphuric  acid,  . 

0.115 

Phosphoric  acid. 

0.191 

Potassium,         .         .         .         . 

0.323 

Sodium,     .         .         .         .         . 

3.341 

Oxygen, 

0.403 

Phosphate  of  lime, 

0.311 

Phosphate  of  magnesia, 

0.222 

But,  granting  that  Chemistry  had   succeeded  in 
making  a  perfect  analysis,  we  should  stiQ  have  to  bear 
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in  mind  that  all  the  constitaents  vaiy  in  different  in- 
dividuals, and  in  different  states  of  the  same  indivi- 
dual The  Uood  of  no  two  men  is  precisely  similar ; 
the  blood  of  the  same  man  is  not  precisely  similar  in 
disease  to  what  it  was  in  health,  or  at  different  epochs 
of  Ufa 

The  iron  which  circulates  in  the  veins  of  the  em- 
bryo, is  more  abundant  than  the  iron  in  the  veins  of 
the  mother ;  and  this  quantity  declines  after  birth,  to 
augment  again  at  puberty. 

The  fiats  vary,  in  different  individuals,  from  lA'  to 
3.3  in  1000. 

The  blood-cells  vary  with  the  varying  health. 

The  albumen  fluctuates  from  60  to  70  parts  in 
1000,  the  proportion  being  greater  during  digestion. 

Tho  fibrine,  usually  amounting  to  about  3  in  a 
1000,  may  rise  as  high  as  7^?  or  fall  as  low  as  1. 

9.  Arterial  and  Venous  Blood, — Such  are  the  chief 
points  ascertained  respecting  the  blood  in  general  We 
must  now  call  attention  to  the  different  kinds  of  blood 
in  the  different  parts  of  the  circulation  ;  for  although 
we  speak  of  "  the  blood''  as  if  it  were  always  one  and 
the  same  thing,  it  is,  in  truth,  a  system  of  various 
fluids,  a  confluence  of  streams,  each  more  or  less  differ- 
ing from  the  other. 

The  first  grand  division  is  familiar  to  all  men — 
namely,  that  of  venous  and  arterial  blood ;  the  former 
being  dark  purple — "black  blood,''  as  it  is  called — the 
latter  bright  scarlet 

To  many  it  will  seem  that  this  is  but  a  distinction  of 
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colour — ^a  distinction  so  easily  efiESEU^ed,  that  no  sooner 
does  the  dark  blood  come  in  contact  with  the  atmos- 
phere than  it  brightens  into  scarlet  The  distinction 
of  colour  is,  however,  the  sign  of  an  important  differ- 
ence. Between  the  two  fluids  a  profoimd  difference 
exists ;  and  yet  the  venous  blood  has  only  to  pass 
through  the  lungs  in  an  atmosphere  not  overcharged 
with  carbonic  acid,  and  at  once  it  becomes  transformed 
into  a  life-giving  fluid.  Wherefore?  Analysis  of  the 
two  detects  but  trifling  variations  in  their  solids,  the 
most  notable  being  the  larger  amount  of  red-discs  and 
the  smaller  amount  of  fibrine  in  venous  blood  But 
in  their  gases  an  important  difference  is  detected.  In 
both  there  are  nitrogen,  oxygen,  carbonic  acid,  and 
ammonia,  either  free,  or  combined  so  feebly  that  they 
are  easily  disengaged.  The  quantity  of  nitrogen  is 
much  the  same  in  both ;  that  of  ammonia  probably 
does  not  vary,  but  the  oxygen  and  carbonic  acid  vary 
considerably.  Indeed,  there  is  a  notion  current  in 
popular  works  that  venous  blood  contains  carbonic 
acid,  and  arterial  blood  oxygen — thai  being  the  differ- 
ence between  the  two  fluids.  But  the  physiologist 
knows  that  both  fluids  contain  large  amounts  of  both 
gases,  the  difference  being  only  in  the  relative  amounts 
contained  in  each.  The  experiments  of  Magnus  were 
for  a  long  while  held  to  be  conclusive  of  the  opinion 
that  arterial  blood  contained  absolutely  more  carbonic 
acid  than  venous  blood,  although  in  relation  to  the 
amount  of  oxygen  the  amount  was  less  ;  that,  in  short, 
it  contained  more  of  both  gases,  but  the  larger  propor- 
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tion  of  oxygen  gave  it  its  distinction.  Recent  investiga- 
tions have  considerably  shaken  this  conclusion,  but 
they  leave  unaltered  one  result — ^namely,  that  arterial 
blood  contains  a  large  amount  of  carbonic  acid,  and  a 
8tm  l«ger  amomit  of  oxygen.* 

Wbere  does  the  oxygen  come  from  ?  The  atmos- 
phere. Where  does  the  carbonic  acid  come  from? 
We  do  not  know.  The  most  generally  accepted  hypo- 
thesis is,  that  the  carbonic  acid  comes  from  the  oxida- 
tion of  tissue.  On  this  point,  however,  the  evidence 
seems  to  me  extremely  defective,  but  as  I  dare  not 
venture  here  on  the  discussion,  I  will  content  myself 
with  stating  the  received  opinion,  referring  the  stu-- 
dent  to  Bernard's  latest  work  for  some  grounds  of 
doubtf  This  is  the  hypothesis  :  The  blood  which 
flows  to  the  tissues  is  scarlet,  but  in  the  capillaries  it 
parts  with  some  of  its  oxygen  ;  and  as  it  flows /rom 
the  tissues  it  is  dark,  and  will  become  scarlet  again  on 
its  passage  through  the  lungs.  When  we  know  that 
arterial  blood  contains  carbonic  acid  as  well  as  oxy- 
gen, the  idea  suggests  itself,  that  on  parting  with 
some  of  this  oxygen  it  might  assume  the  dark  colour, 
owing  simply  to  the  carbonic  add  retained ;  but 
this  idea  is  set  aside  by  the  fact  that  unless  an  ex- 
change take  place,  no  oxygen  will  be  liberated.  The 
carbonic  add  is  said  to  be  the  product  of  the  vital 
activity  of  the  tissues,  and  as  such  is  taken  up  by 

*  On  the  quantity  of  gasM  in  the  two  bloods,  see  Bebkabd,  L  867. 
t  Bernard  :  Liquide$  eU  COryanittM,  I  886-846 ;  and  compare  ROBIK 
et  Verdsil :  Traia  de  ChimU  AnaionU^fue,  ii.  86 1<  My. 
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the  blood  in  exchange  for  its  oxygen ;  for  if  the  nerves 
which  supply  a  limb  be  cut,  and  vital  activity  be  thus 
arrested,  the  current  of  blood  will  not  be  darkened ; 
precisely  as  it  will  not  be  brightened  in  its  pass- 
age through  the  lungs,  if  there  be  a  surplus  of  car- 
bonic add  in  the  air.  The  experiments  of  Bruch* 
are  very  instructive  on  this  point  He  found  that 
blood  saturated  with  oxygen  became  darker  in  vacuo, 
while  blood  saturated  with  carbonic  add  did  not 
change  colour. 

What  causes  the  change  of  colour  when  venous  blood 
is  submitted  to  oxygen  ?  Formerly  it  was  held  to  be 
due  to  the  iron  in  the  discs ;  but  the  iron  may  be  re- 
moved without  this  removal  affecting  the  phenomenon ; 
so  that  the  opinion  now  held  is  that  the  change  of 
colour  is  due  solely  to  the  difference  in  Hie  form  of  the 
discs,  which  become  brighter  as  they  become  more 
concave,  and  darker  as  they  become  more  convex. 
Oxygen  renders  them  concave,  carbonic  add  renders 
them  convex. 

Arterial  blood  is  everywhere  the  same:  it  is  one 
stream  perpetually  flowing  off  into  smaller  streams,  but 
always  the  same  fluid  in  its  minutest  rills  as  in  its 
larger  currents. 

Not  so  venous  blood.  Thai  is  a  confluence  of  many 
currents,  each  one  bring^g  with  it  something  from  the 
soil  in  which  it  arises ;  the  streams  issuing  out  of  the 
muscles  bring  substances  unlike  those  issuing  out  of 
the  nervous  centres ;  the  blood  which  hurries  out  of 

*  SlEBOLD  a.  KoLLTKER  :  Zetttchrift  Jilr  WitaeiuckaftUcke  Zoologi^ 
ir.  273. 
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the  intestine  contains  snbstances  nnlike  those  which 
hurry  out  of  the  liyer. 

Not  only  is  venous  blood  difiPerent  in  different  parts 
of  the  body,  but  it  has  even  differences  of  colour :  it 
is  not  always  black,  it  is  sometimes  scarlet^  without, 
however,  ceasing  to  be  venous.  The  discovery  of  this 
curious  fact  is  due  to  Claude  Bernard,*  who  found  that, 
in  the  renal  veins,  during  the  activity  of  the  kidney, 
the  blood  is  always  scarlet,  and  black  during  the  rapoa^ 
of  that  organ.  He  has  extended  his  obsenration  to  the 
submaxillary  and  parotid  glands ;  and  the  conclusion 
he  draws  is  this  :  while  the  venous  "blood  firom  the 
active  muscles  is  always  black,  the  blood  from  the 
secreting  glands,  when  active,  is  always  scaiiet ;  and 
vice  verady  the  venous  blood  is  scarlet  in  the  muscles 
when  they  are  perfectiy  quiet,  and  black  in  the  glands 
when  they  are  quiet.  This  leads  Bernard  to  establish 
a  distinction  between  the  fonctional  and  mechanical 
activity  of  the  glands :  when  the  chemical  process  of 
forming  the  secretion  is  going  on,  he  considers  the 
gland  to  be  in  a  state  of  functional  activity,  and  then 
its  venous  blood  is.  black ;  when  the  mechanical  pro- 
cess of  pouring  out  that  secretion  is  going  on,  he  con- 
siders the  gland  to  be  in  a  state  of  mechanical  activity, 
and  then  the  blood  is  scarlet  Although  his  interest- 
ing experiments  open  a  new  field  of  speculation,  they 
are  far  from  having  satisfactorily  established  the  cause 
of  this  change  of  colour. 

*  Mhmre  lu  d  fAeadhnie  det  ScienceSf  25th  January  1858.  Bee  his 
LepoM  sur  let  Liquida  de  VOrgamtme,  1859 ;  and  Bbown^Ssquard's 
J<mmal,  1858. 

X 
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Disregarding  these  minor  yariations,  we  may  sitU 
keep  to  the  broad  distinction  of  scarlet  and  black,  as 
characteristic  of  arterial  and  venous  blood.  But  these 
variations  help  ns  to  conceive  how,  while  arterial  blood 
is  everywhere  the  same,  venous  blood  is  everywhere 
fluctuating  in  its  composition,  according  to  the  organs 
from  which  it  comea 

Wondrously  does  the  complex  machine  work  its 
many  purposes  :  the  roaring  loom  of  Life  is  never  for 
a  moment  still,  weaving  and  weaving, 

"  Gebuii  nnd  Grab, 
*  Bin  ewiges  Meer, 
Ein  wechwbid  Weben, 
Ein  glUhend  Leben.**  * 

It  is  difficult  for  us  to  realise  to  ourselves  the  fact 
of  this  incessant  torrent  of  confluent  streams  coursing 
through  every  part  of  our  bodies,  carrying  fresh  fuel 
to  feed  the  mighty  flame  of  life,  and  removing  all  the 
ashes  which  the  flame  has  left.  Sudden  agitation,  set- 
ting the  heart  into  more  impetuous  movement,  may 
make  us  aware  that  it  is  throbbing  ceaselessly ;  or  we 
may  feel  it  beating  when  the  hand  is  accidentally  rest- 
ing on  it  during  the  calm  hours  of  repose ;  but  even 
then,  when  the  fact  of  the  heart's  beating  obtrudes 
itself  on  consciousness,  we  do  not  mentaUy  pursue  the 
current  as  it  quits  the  heart  to  distribute  itself  to  the 
remotest  part  of  the  body,  and  thence  to  return  once 
more — ^we  do  not  foUow  its  devious  paths,  and  think 

*  "  Birth  and  the  grave,  an  etanial  ocean,  a  changing  motion,  a 
glowing  life.**— FaM<. 
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of  all  the  mysterioiLS  actions  which  attend  its  course. 
If  for  a  moment  we  could  with  the  bodily  eye  see 
into  the  frame  of  man,  as  with  the  microscope  we 
see  into  the  transparent  frames  of  some  simpler 
animals,  what  a  spectacle  would  be  unveiled !  Through 
one  complex  system  of  yessels  we  should  see  a 
leaping  torrent  of  blood,  carried  into  the  depths  and 
over  the  surfaces  of  all  the  organs,  with  amazing 
rapidity,  and  carried  from  the  depths  and  surfaces 
through  another  system  of  yessels,  back  again  to  the 
heart :  yet  in  spite  of  the  countless  channels  and  the 
crowded  complexity  of  the  tissues,  nowhere  should  we 
detect  any  confusion,  nowhere  any  failura  Such  a 
spectacle  as  this  is  unveiled  to  the  mental  eye  alone, 
and  we  cannot  contemplate  it,  even  in  thought,  with- 
out a  thrilL 

10.  The  Qwjmtity  of  Blood. — It  is  a  natural  ques- 
tion, and  often  asked,  but  difficult  to  answer.  What 
qaa/atity  of  blood  circulates  every  minute  in  our 
bodies? 

Anything  like  an  accurate  answer  to  this  question  is 
rendered  impossible  by  the  fact  overlooked  by  most 
physiologists,  or  unknown  to  them,  that  the  blood  neces- 
sarily varies  in  quantity  every  hour.  I  was  surprised 
to  find  striking .  differences  in  the  amount  of  blood 
which  flowed  from  two  decapitated  Tritons  of,  as 
nearly  as  possible,  the  same  size ;  but  on  proceeding 
to  open  them,  I  found  the  one  animal  was  in  a 
state  of  active  digestion,  whereas  the  other  had  not 
eaten  for  a  long  while.    Since  this  note  was  made. 
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Claude  Bernard  has  published  his  experiments  on 
rabbits  and  dogs,  upon  which  he  founds  the  startling 
opinion  that  the  blood  of  the  same  animal  may,  during 
digestion,  amount  to  double  the  quantity  during  fast- 
ing ;*  for  he  finds  that  from  a  rabbit,  during  digestion, 
he  can  remove  30  grammes  of  blood  without  killing 
it.;  whereas  the  same  rabbit,  fasting,  is  killed  by  the 
removal  of  15  grammes.  The  knowledge  of  this  tsi^t 
will  be  very  important  to  surgeons  about  to  perform 
any  operation  which  entails  considerable  loss  of  blood ; 
and  it  points  also  to  the  eminent  advantage  there 
would  be  in  giving  soldiers  a  hearty  meal  before 
battle. 

We  thus  perceive  that  no  estimate  can  pretend  to 
be  very  accurate ;  nor  need  we  notice  those  •which 
earlier  writers  have  given :  only  those  of  Lehmann, 
Weber,  and  Bischoff  now  command  general  attention. 
Lehmann  says  that  his  friend  Weber  aided  him  in 
determining  the  quantity  of  blood  in  two  decapitated 
criminals.  The  quantity  which  escaped  was  thus  esti- 
mated :  Water  was  injected  into  the  vessels  of  the 
trunk  and  head,  until  the  fluid,  escaping  from  the 
veins,  had  only  a  pale  red  or  yellow  colour.  The 
quantity  of  blood  remaining  in  the  body  was  then 
calculated  by  instituting  a  comparison  between  the 
solid  residue  of  this  pale  red  aqueous  fluid  and  that  of 
the  blood  which  first  escaped.  The  living  body  of  one 
of  the  criminals  weighed  60,140  grammes,  •{•  after  deca- 
pitation 64,600  grammes,  consequently  5,540  granunes 

*  Bkbxabd  :  Liqaidetf  i.  419. 

i*  A  Gramme  Ls  somewhat  xnoro  than  15  graiia. 
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of  blood  had  escaped ;  28.560  grammes  of  this  blood 
yielded  5.36  of  solid  residue ;  60.5  grammes  of  san- 
goineous  water,  collected  after  the  injection,  3delded 
3.724  of  solid  substances.  There  were  collected  6050 
grammes  of  the  sanguineous  water  that  returned  from 
the  veins,  and  these  contained  372.4  of  solid  residue, 
which  corresponds  to  1;980  grammes  of  blood.  The  esti- 
mate, therefore,  turns  out  as  follows  :  5,540  grammes 
escaped  after  decapitation,  and  1,980  remained  in  the 
body,  thus  making  7,520  grammes ;  in  other  words,  the 
weight  of  the  whole  blood  was  to  that  of  the  body 
nearly  in  the  ratio  of  1  to  8. 

It  is  obvious  from  the  account  of  the  experiment 
that  only  an  approximation  could  be  arrived  at.  And 
Bischoff 's  more  recent  investigations  on  the  body  of  a 
criminal,  carefully  weighed  before  and  after  decapita- 
tion, lead  to  the  conclusion  that  the  blood  amounted  to 
9J  lb.,  or  exactly  one-fowrteenih  of  the  whole  body* 
This  nearly  corresponds  with  his  former  investigations, 
which  gave  the  weight  as  one-thirteenth  of  the  whole 
body. 

If  we  say  ten  pounds  for  an  adult  healthy  man,  we 
shall  probably  be  as  near  the  mark  as  possible.  The 
quantity,  however,  necessarily  varies  in  different  per- 
sons, as  well  as  in  different  conditions,  and  seems  from 
some  calculations  to  be  greater  in  women  than  in  men. 
In  the  Seal  its  quantity  is  enormous,  surpassing  that 
of  all  other  animals,  man  included. 

*  See  hiB  Memoir  in  Sibbold  tt.  KSllikeb  :  Zeitsehrift,  iz.  72.  Hsi- 
SSKHAIN  :  Dujv.  eritiecB  et  experimenialef  dt  twnguini  qtuintUaie,  also 
arrives  at  a  aomewhat  similar  result. 
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11.  Blood-letting, — ^In  former  days,  blood-letting  was 
one  of  the ''  heroic  arms"  of  medical  practice  ;  and  it  is 
sometimes  almost  appalling  to  read  of  the  exploits  of 
practitioners.  Haller  mentions  the  case  of  a  hysterical 
woman  who  was  bled  one  thousand  and  twenty  times  in 
the  space  of  nineteen  years ;  and  a  girl  at  Pisa  is  said  to 
have  been  bled  once  a-day,  or  once  every  other  day,  dur- 
ing several  years.  A  third  case  he  mentions  of  a  yonng 
man  who  lost  seventy-five  pounds  of  blood  in  ten  days ; 
so  that  if  we  reckon  ten  pounds  as  the  utmost  which 
the  body  contains  at  any  given  period,  it  is  clear  that 
this  young  man's  loss  must  have  been  repaired  almost 
immediately.  In  truth,  the  blood  is  incessantly  being 
abstracted  and  replaced  during  the  ordinary  processes 
of  life.  Were  it  not  continually  renewed,  it  would 
soon  vanish  altogether,  like  water  disappearing  in  sand 
The  hungry  tissues  momently  snatch  at  its  materials, 
as  it  hurries  through  them,  and  the  active  absorbents 
momently  pour  fresh  materials  into  it 

12.  Transfusion,  —  In  contemplating  the  loss  of 
blood  from  wounds  or  hemorrhage,  and  in  noting  how 
the  vital  powers  ebb  as  the  blood  flows  out,  we  are 
naturally  led  to  ask  whether  the  peril  may  not  be 
avoided  by  pouring  in  fresh  blood. 

The  idea  of  transfusion  is  indeed  very  ancient.  But 
the  ancients,  in  spite  of  their  facile  credulity  as  to  the 
effect  of  any  physiological  experiments,  were  in  no 
condition  to  make  the  experiment  They  were  too 
unacquainted  with  physiology,  and  with  the  art  of 
experiment,  to  know  how  to  set  about  transfusion. 


TRAK8FU8ION.  275 

Not  until  the  middle  of  the  seventeenth  centoiy  had 
a  preparation  been  made  for  such  a  trial.  The  experi- 
ments of  Boyle,  Graaf,  and  Fracassati,  on  the  injection 
of  various  substances  into  the  veins  of  animals,  were 
crowned  by  those  of  Lower,  who,  in  1665,  injected 
blood  into  the  veins  of  a  dog. 

Two  years  later  a  bolder  attempt  was  made  on  man. 
A  French  mathematician,  Denis,  assisted  by  a  surgeon, 
having  repeated  with  success  the  experiments  of  Lower, 
resolved  to  extend  the  new  idea.  It  was  difficult  to 
get  a  human  patient  on  whom  the  plan  could  be  tried ; 
but  one  evening  a  madman  arrived  in  Paris,  quite 
naked,  and  he  was  daringly  seized  by  Denis  as  the 
fitting  subject  for  the  new  experiment  Eight  ounces 
of  calf ^s  blood  were  transfused  into  his  veina  That 
night  he  slept  welL  The  experiment  was  repeated  on 
the  succeeding  day ;  he  slept  quietly,  and  awoke  sane ! 

Great  was  the  sensation  produced  by  this  success. 
Lower  and  King  were  emboldened  to  repeat  it  in  Lon- 
don. They  found  a  healthy  man  willing  to  have  some 
blood  drawn  from  him,  and  replaced  by  that  of  a  sheep. 
He  felt  the  warm  stream  pouring  in,  and  declared  it 
was  so  pleasant  that  they  might  repeat  the  experiment 

The  tidings  flew  over  Europe.  Li  Italy  and  Ger- 
many the  plan  was  repeated,  and  it  now  seemed  as  if 
transfusion  would  become  one  more  of  the  "heroic 
arms'^  of  medicine.  These  hopes  were  soon  dashed. 
The  patient  on  whom  Denis  had  operated  again  went 
mad,  was  again  treated  with  transfusion,  and  died 
during  the  operatioa  The  son  of  the  Swedish  minister, 
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who  had  been  benefited  by  one  transfdsion,  perished 
after  a  second.  A  third  death  was  assigned  to  a 
similar  cause ;  and  in  April  1668  the  Parliament  of 
Paris  made  it  criminal  to  attempt  transfusion,  except 
with  the  consent  of  the  Faculty  of  Paris.  Thus  the 
whole  thing  fell  into  discredit,  to  be  revived  again  in 
our  own  day,  and  to  be  placed  at  last  on  a  scientific 
basis. 

It  occurred  to  Majendie  that  the  iU-success  of  the 
experiments  arose  from  the  supposition  that  the  blood 
of  all  quadrupeds  was  the  same,  and  that  it  was  in* 
different  whether  a  man  received  the  blood  of  another 
man,  or  of  a  sheep  or  calf.  This  supposition  he  thought 
altogether  erroneous.  His  opinion  was,  that  only  the 
blood  of  animab  of  the  same  species  can  be  transfused 
in  large  quantity  without  fatal  results.  The  blood  of 
a  horse  is  poison  in  the  veins  of  a  dog ;  the  blood  of  a 
sheep  is  poison  in  the  veins  of  a  cat ;  but  the  blood  of  a 
horse  will  revive  the  fainting  ass.  From  this  it  followed, 
he  thought,  that  when  transfusion  is  practised  on 
human  beings,  human  blood  must  be  employed ;  and 
so  employed,  the  practice  is  in  some  urgent  cases  not 
only  safe,  but  forms  the  sole  remedy.  But  the  recent 
investigations  of  Brown -S^uard  have  proved  that 
transfusion  is  successful  with  the  blood  of  different 
species.  Blundell  has  the  glory  of  having  revived  and 
vindicated  the  practice  of  transfusion,*  and  he  has 
seen  his  idea  amply  confirmed.     Bdrard  cites  fifteen 

*  Blundell  :  "Ejq>eriinent8  on  the  Transfusion  of  Blood/'  Medioh 
Chirur.  Trant,  1818,  p.  56. 
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distinct  cases  of  hemorrhage  in  which  transfasion  has 
saved  life.* 

So  startling  and  so  important  is  this  success  of 
Transfusion,  that  it  is  very  necessary  we  should  di^ 
tinctly  understand  in  what  cases  it  may  with  advantage 
be  employed  And  these  cases  are  very  simple,  since 
it  is  only  when  there  has  been  a  dangerous  loss  of 
blood  that  any  benefit  can  accrue  from  transfusion., 
In  aU  cases  of  disease  it  is  useless,  or  worse.  The 
ancients,  indeed,  thought  that  by  infusing  new  blood 
iuto  an  old  and  failing  organism,  new  life  would  be  in* 
fased ;  and  wild  dreams  of  a  sort  of  temporal  immor- 
tality were  entertained.  Completely  as  these  notions 
are  banished,  the  initial  error  of  supposing  that  the 
hlood  forms  the  orgcms — and  that  if  blood  be  purified 
the  oigans  will  be  restored  to  health  and  vigour — this 
error  is  still  general,  even  among  men  of  science.  It 
rests  on  a  misconception  of  the  laws  of  NutrLtion.-f' 
Because  the  organs  are  nourished  by  materials  drawn 
from  the  blood,  and  because,  unless  blood  be  duly 
supplied,  the  organs  will  decay,  it  has  been  supposed 
that  the  point  of  departure  of  Nutrition  was  in  the 
blood  itself,  and  that  the  blood  formed  the  organs.  It 
is  not  so.  The  organs  are,  many  of  them  at  least,  in 
existence  before  blood  appears  ;l  aud  even  afterwards 

*BebabI):  Conrt  de  Phytioloff{efm,230,  It  is  from  tliis  work,  and  the 
Lefont  of  Mohe  Edwabds  and  Bernard,  that  all  the  details  on  this 
sobject  in  the  text  have  been  taken. 

f  These  laws  w£Q  be  expounded  in  our  final  Chapter  on  Lope  and 
Death. 

t  The  young  fish  Clypetu  has  been  obserred  by  Filippi  to  quit  the 
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the  process  of  Nutritioii  always  consists  in  the  assi- 
milation of  certain  materials  &om  the  blood  by  the 
organs;  not  in  the  organisation  of  this  blood  itself. 
In  vain  will  you  cany  generous  food  to  a  sick  stomach — 
it  cannot  digest  the  food ;  in  vain  will  you  carry  young 
blood  to  old  organs — ^they  cannot  draw  their  youth  from 
it.  The  blood  is  always  young,  for  it  is  always  being 
renewed.  The  organs  get  daily  older,  and  different. 
Between  the  blood  of  an  infant,  and  the  blood  of  a 
patriarch,  no  appreciable  difference  can  be  found ;  but 
how  great  is  the  difference  between  their  organs  1  That 
which  is  true  of  old  age,  is  likewise  true  of  disease. 
The  tissue  which  is  in  an  unhealthy  condition  cannot 
be  made  healthy  by  bringing  to  it  a  "purer"  blood 
(were  such  obtainable);  it  can  only  be  brought  back  to 
its  healthy  condition  by  the  cessation  of  those  causes 
which  keep  up  the  morbid  action,  and  these  are  not  in 
the  blood* 

13.  Which  are  the  Vivifying  Elements  f — Seeing 
that  blood  has  a  power  of  reanimating  the  failing 
body,  it  is  natural  we  should  inquire  to  which  element 
of  the  blood  this  is  due — to  the  cells,  or  the  plasma? 

• 

9gg  and  Bwim  vivaciously  before  there  is  any  trace  of  oirculation — ^before, 
indeed,  the  blood- discs  are  formed. — Annalet  des  Sciences,  1847,  vii. 
67.  If  the  student  desires  an  easy  mode  of  studying  this  point,  let  him 
carefully  watch  the  development  of  tadpoles ;  and  he  will  see,  in  their 
transparent  tails,  how  the  vessels  gradually  appear,  and  how  the  blood- 
discs,  which  at  first  are  in  all  respects  the  same  as  the  cells  of  the 
general  substance,  gradually  lose  their  large  fat-globules,  and  assume 
more  and  more  the  character  of  blood-discs. 

*  On  this  extremely  important  subject  the  student  should  weigh 
carefully  the  whole  of  Vibohow'b  Cellularpatholoffie, 
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We  know  that  it  is  only  necessary  to  withdraw  blood 
from  a  part,  or  prevent  its  access  by  a  ligature  round 
the  arteries,  and  the  part  gradually  loses  all  its  vital 
properties ;  but  even  after  the  rigour  of  the  muscles 
announces  death,  we  have  only  to  readmit  the  blood 
by  removing  the  ligature,  and  the  vitality  will  be 
restored. 

Unless  the  circulation  be  maintained  in  the  nerves, 
their  power  almost  instantaneously  disappears ;  which 
proves  that  in  the  nerves  the  chemical  changes  must 
be  very  rapid.  Swommerdamm,  and  others  since,  have 
shown  this  by  the  experiment  of  tying  the  aorta ;  im- 
mediately the  circulation  is  interrupted,  the  power  of 
voluntary  movement  disappears.  This  is  only  true,  how- 
ever, of  warm-blooded  animals.  Frogs  may  have  the 
aorta  tied,  and  still  possess  the  power  of  hopping  about 
for  some  hours.  They  will  even  do  this  for  an  hour, 
when  the  heart  and  all  the  viscera  are  taken  away, 
according  to  Stilling*  Schiff  thinks  that  they  do  this 
in  virtue  of  the  remnant  of  stored-up  force  retained  in 
their  nerves,  and  the  remnant  of  blood  stiU  retained  in 
the  parts. -f*  The  difference  between  &ogs  and  warm- 
blooded animals  in  this  respect,  seems  to  me  solely 
referable  to  the  difference  in  the  normal  rapidity  of 
their  nutritive  changes.  The  warm-blooded  animal 
"  lives  fast,'^  and  unless  fresh  blood  be  constantly  pre- 
sent to  supply  the  waste,  the  vital  changes  rapidly 

*  Sullxno  :  UnUrtuchungen  9ib€r  die  Fwictummi  det  RUcienfnaris, 
1S42,  p.  88. 
t  SOHiFF :  Lehrhvch  der  PhyMogU,  1858.  p.  103. 
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cease.  The  frog  can  live  for  months  without  food, 
which  shows  that  its  nntritiye  changes  are  compara- 
tively slow.  It  will  therefore  require  a  much  longer 
time  before  the  interruption  of  the  circulation  in  a  frog 
will  interrupt  all  manifestation  of  vitality,  than  in  the 
case  of  a  warm-blooded  animal. 

Every  one  knows  how  loss  of  blood  causes  man  to 
faint ;  and  how  checking  the  action  of  his  heart  in- 
stantly produces  unconsdousnesa  Our  nervous  centres 
demand  incessant  supply. 

Blood,  as  we  said  at  starting,  is  the  river  of  life, 
and  where  it  ceases  to  flow,  all  organic  action  soon 
vanishes.  But  blood  is  composed  of  two  things — ^the 
plasma  and  the  cells,  or  discs.  And  we  return  to  the 
question :  Which  of  these  is  the  vivifying  element  ? 
It  has  been  ascertained  that  the  plasma  of  the  blood, 
deprived  of  its  cells  and  fibrine,  has  no  reanimating 
power  when  injected,  being  in  fact  not  more  eifective 
than  so  much  warm  water.  It  has  also  been  ascer- 
tained that  blood,  deprived  of  its  fibriue  only,  produces 
the  same  effect  as  pure  blood ;  whereby  it  appears  that 
as  neither  the  plasma  nor  the  fibrine  possesses  the 
vivifying  power,  that  power  must  belong  to  the  ceUs. 
This  is  a  great  step  gained,  but  the  restless  spirit  of 
inquiry  cannot  content  itself  with  such  a  gain,  and  it 
asks,  What  gives  to  the  blood-cells  this  specific  power? 
Let  us  see  the  answer  that  can  be  made  to  such  a 
question. 

We  know  that  the  cells  (discs  and  corpuscles)  carry 
the  oxygen,  either  in  slight  combinations,  or  free,  as  in 
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vesicles.  We  know  this,  because  we  find  that  the 
blood-plasma  is  unable  to  absorb  much  more  than  one 
per  cent  of  its  volnme  of  oxygen,  whereas  the  blood 
containing  cells  absorbs  from  ten  to  thirteen  times 
that  amount.  The  change  of  colour  exhibited  by  the 
discs  9s  they  take  up  or  give  out  oxygen,  and  the  fact 
that,  if  they  are  placed  in  a  vessel  containing  air,  they 
absorb  oxygen  from  that  air,  whereas  the  plasma  does 
nothing  of  the  kind,  are  proofs  of  the  cells  being  the 
transporters  of  oxygen. 

But  this  is  not  alL  The  experiments  of  M.  Brown- 
S^uard  seem  to  establish  the  important  fact  that  it 
is  to  the  oxygen  carried  by  these  cells  that  we  must 
attribute  their  ntdritive  agency,  and  to  the  carbonic 
add  carried  by  them  that  we  must  attribute  their 
gtimtdating  agency.* 

Blood  has  two  offices  :  it  furnishes  the  tissues  with 
their  food,  and  it  stimulates  them  into  activity.  Unless 
the  tissues  be  endowed  with  certain  vital  properties, 
they  cannot  be  stimulated  into  activity :  and  when 
stimulated,  this  acti^ty  brings  about  a  dest^ction. 
which  must  be  repaired.  I£  stimulus  be  applied  with- 
out equivalent  nutrition,  the  force  is  soon  exhausted 
This  double  office  the  blood  performs,  according  to 
M.  Brown-S^quard,  chiefly  through  the  oxygen,  as  the 
agcTit  o/nutritiony  and  of  carbonic  acid,  as  the  agent 
of  ecDcitation, 

Without  accepting  his  conclusions  in  all  their  abso- 
luteness, we  may  accept  thus  much  of  them,  for  we 

•  Bbown-Skquard  :  Journal  de  fa  Pkytiologie,  1858, 1.  91. 
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see  him  operating  on  dead  animala,  or  dead  parts 
of  animals,  by  means  of  venous  blood  charged  with 
oxygen,  and  producing  therewith  precisely  the  same 
effects  as  with  arterial  blood ;  and  we  see  him  show- 
ing that  arterial  blood,  charged  with  carbonic  acid, 
acts  precisely  as  venous  blood.  The  conclusion,  there- 
fore, is  obvious,  that  the  vivifying  difference  between 
the  two  fluids  is  simply  owing  to  the  difference  in 
their  amounts  of  oxygen. 

He  takes  the  blood  from  a  dog's  vein,  and  the  blood 
from  its  artery,  whips  both  till  the  fibrine  be  extracted, 
and  till  both  have  become  equally  scarlet  from  the 
absorption  of  oxygen.  He  then  injects  one  of  these 
fluids  into  the  right  thigh  artery  of  a  dead  rabbit,  in 
which  the  rigidity  of  death  has  set  in  for  ten  minutes, 
and  the  other  fluid  into  the  left  thigh  artery.  The 
result  is  precisely  similar  in  both  limbs,  namely,  in 
about  five  minutes  both  recover  their  muscular  irrita- 
bility, which  they  both  retain  for  twenty  minutes. 
Bepeating  this  experiment  with  blood  drawn  from 
vein  and  artery,  but  charged  with  carbonic  add  in- 
stead of  oxygen,  he  finds  a  similar  result  as  to  the 
exciting  power. 

Having  thus  made  clear  to  himself  that,  as  re- 
spects nutrition  and  excitation,  there  is  no  other 
difference  between  arterial  and  venous  blood  than  is 
assignable  to  their  differences  in  the  amount  of  oxygen 
and  carbonic  acid  contained  in  each ;  that  venous 
blood,  charged  with  oxygen,  acts  precisely  as  arterial 
blood ;  and  that  arterial 'blood,  charged  with  carbonic 


SFFEOT  OF  OXYGEN  AKD  CARBONIC  ACID.      283 

add,  acts  precisely  as  venous  blood,  M.  Brown-S^uard 
proceeds  with  his  demoiistration,  that  unless  the  blood 
be  highly  oxygenated  it  has  no  power  of  nourishing 
the  tissues ;  and  unless  it  be  highly  carbonised,  it  has 
no  power  of  stimulating  them. 

We  cannot  here  afford  suiBdent  space  to  give  any 
account  of  the  experiments  by  which  these  condusions 
are  reached,  and  must  refer  the  curious  reader  to  the 
memoir  itself*  But  as  the  idea  of  the  stimulating 
power  of  the  blood  redding  chiefly  in  the  carbonic 
acid,  will  be  novd  and  startling  to  most  physiological 
readers,  it  may  be  usefiil  to  mention  one  of  the  experi- 
ments. A  rabbit  was  suffocated;  and,  as  usual  in 
such  cases,  the  intestine  exhibited  veiy  powerful  dis- 
orderly mevementa  Into  a  coil  of  this  agitated  intes- 
tine he  injected  some  venous  blood  highly  oxygenated. 
Immediatdy  the  movement  ceased.  He  then  injected 
arterial  blood  highly  carbonised,  and  the  movements 
were  at  once  resumed.  Again  he  injected  oxygenated 
blood,  and  again  the  movements  ceased,  to  appear  on 
the  second  injection  of  carbonised  blood.  "  It  is  pos- 
dble,''  he  says,  ''to  produce  two  conditions  of  the 
organism  essentiaUy  different,  one  of  which  consists  in 
the  presence  of  a  greater  amount  of  oxygen  than  usual, 
both  in  the  venous  and  in  the  arterial  blood,  the  other 
of  which  consists  in  the  presence  of  an  excess  of  car- 
bonic acid  in  both  fluids.  In  the  first  of  these  condi- 
tions, life  ceases  in  spite  of  the  extreme  energy  of  the 
vital  properties,  simply  because  the  stimulating  power 

*  Journal  d«  la  Phytiologie,  i.  95. 
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of  the  blood  is  influfficieiit.  In  the  other  of  these  con- 
ditions, the  stimulating  power,  being  excesdve,  causes 
an  activity  which  is  soon  spent,  because  it  cannot  be 
reproduced.*' 

Even  should  we  accept  to  the  full  the  ingenious 
hypothesis  just  propounded,  we  must  guard  against  an 
exaggeration  of  its  application.  Ozygen  may  be  the 
one  chief  condition  for  that  exchange  between  the 
blood  and  the  tissues  which  constitutes  Nutrition,  and 
without  a  due  supply  of  oxygen  Nutrition  may  be 
brought  to  a  stand-still ;  but  we  shall  greatly  err  if 
we  suppose  that  oxidation  is  itself  the  process  of 
Nutrition,  or  that  the  cells  are  the  sole  agents.  The 
albumen,  the  fats,  and  the  salts  which  the  tissues 
draw  from  the  blood,  are  not  drawn  from  the  cells, 
but  from  the  plasma.  It  is,  therefore,  quite  possible, 
indeed  M.  Sdquard's  experiments  render  it  eminently 
probable,  that  the  blood-cells,  by  their  oxygen,  furnish 
the  indispensable  condition  of  Nutrition,  the  material 
being  furnished  by  the  blood-plasma.  It  is  also  pro- 
bable that  the  cells,  by  their  carbonic  add,  furnish  the 
condition  of  muscular  excitement ;  so  that  arte^ 
blood,  when  containing  more  than  its  usual  amount 
of  carbonic  acid,  causes  an  excess  of  the  stimulating 
over  the  repairing  processes.  This  may  account  for 
the  greater  cerebral  excitement  succeeded  by  languor, 
consequent  on  exposure  to  the  vitiated  atmosphere  of 
a  theatre,  a  ball-room,  or  a  lecture-room. 

14.  Relation  of  Blood  to  Nutrition, — Such  is  the 
wondrous  fluid  we  name  Blood,  and  such  its  proper- 
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ties,  as  far  as  Science  hitherto  has  learned  them. 
Before  quitting  our  survey,  it  will  be  desirable  to  say 
a  few  words  respecting  the  relation  which  blood  bears 
to  Natrition,  since  that  relation  is  not  generally  under- 
stood. 

Every  one  knows  that  all  the  tissues  are  nourished 
by  the  blood.  But  in  what  way  is  this  e£fected? 
Blood,  in  itself,  is  perfectly  incapable  of  nourishing 
the  tissues — so  incapable  that,  if  it  be  poured  on  them 
from  the  rupture  of  a  vessel,  it  hinders  nutrition,  and 
acts  like  a  foreign  substance.  Accordingly,  we  see  it 
rigorously  excluded  from  them,  shut  up  in  a  system 
of  closed  vessels ;  but  as  it  rushes  along  these  vessels, 
certain  of  its  elements  ooze  through  the  delicate  walls 
of  the  vessels,  and  furnish  a  plasma  from  which  the 
tissues  are  elaborated.  In  exchange,  certain  products 
of  waste  are  taken  up  by  the  blood,  and  carried  to  the 
organs  of  excretion. 

An  image  may  render  the  process  memorable.  The 
body  is  like  a  city  intersected  by  a  vast  network  of 
canals,  such  as  Venice  or  Amsterdam ;  these  canals 
are  laden  with  barges  which  carry  to  each  house  the 
meat,  vegetables,  and  groceries  needed  for  daily  use ; 
and  while  the  food  is  thus  presented  at  each  door,  the 
canal  receives  all  the  sewage  of  the  housea  One  house 
will  take  one  kind  of  meat,  and  another  house  another 
kind,  while  a  third  wiU  let  the  meat  pass,  and  take 
only  vegetablea  But  as  the  original  stock  of  food  was 
limited,  it  is  obvious  that  the  demands  of  each  house 
necessarily  affect  the  supplies  of  the  others.    This  is 

Y 


^  •. 
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what  occurs  in  Nutrition :  the  muscles  demand  one  set 
of  principles,  the  nerves  a  second,  the  bones  ^  third, 
and  each  will  draw  from  the  blood  those|  which  it 
needs,  allowing  the  others  for  which  itihal  no  need 
to  pass  on.  * 

This  leads  us  to  notice  a  luminous  conception,  attri- 
buted by  Mr  Paget  to  Treviranus,  but  really  due  to 
Caspar  Friedrich  Wolff,  whose  doctrine  of  epigenesis 
reposes  on  it  ;*  namely,  that  ''each  single  part  of  the 
body,  in  respect  of  its  nutrition,  stands  to  the  whole 
body  in  the  relation  of  an  excreting  organ."  Mr  Paget 
has  illustrated  this  idea  with  his  accustomed  felidty.-f- 
Every  part  of  the  body  taking  from  the  blood  those 
substances  which  it  needs,  acts  as  an  ezcretoiy  organ, 
inasmuch  as  it  removes  that  which,  if  retained,  would 
be  injurious  to  the  nutrition  of  the  rest  of  the  body. 
Thus  the  polypes  excrete  large  quantities  of  calcareous 
and  silicious  earths:  in  the  polypes,  which  have  no 
stony  skeleton,  these  earths  are  absolutely  and  utterly 
excreted ;  but  in  those  which  have  a  skeleton,  they  are, 
though  retained  within  the  body,  yet  as  truly  excreted 
from  the  nutritive  fluid  and  the  other  parts  as  if  they 
had  been  thrown  out  and  washed  away.  In  the  same 
manner,  our  bones  excrete  the  phosphates  from  our 
blood  The  hair  in  its  constant  growth  not  only  serves 
its  purposes  as  hair,  but  also  as  a  source  of  removal 
from  the  blood  of  the  various  constituents  which  form 
hair.    "And  this  excretion  office  appears  in  some  in« 

-*  •WoLFt:  Theorie  von  der  OeneraHon.    17W. 

t  Paget  :  XedKret  on  SwrffiecU  Pathology,  i.  24  «<  m;. 
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Stances  to  be"  (he  only  one  by  which  the  hair  serves 
the  purpose  of  the  individaals  ;  as,  for  example,  in  the 
foetus.  Thus  in  the  foetus  of  the  seals,  that  take  the 
water  as  soon*as  they  are  bom,  and,  I  believe,  in  those 
of  many  other  mammals,  though  removed  from  all 
those  conditions  against  which  hair  protects,  yet  a 
perfect  coat  of  hair  is  formed  within  the  uterus,  and 
before,  or  very  shortly  after  birth,  this  is  shed,  and  is 
replaced  by  another  coat  of  wholly  different  colour,  the 
growth  of  which  began  within  the  uterus.  Surely  in 
these  cases  it  is  only  as  an  excretion,  or  chiefly  as  such, 
that  this  first  growth  of  hair  serves  to  the  advantage  of 
the  individual'' 

Mr  Paget  also  applies  this  principle  to  the  explana- 
tion of  the  rudimental  hair  which  exists  all  over  our 
bodies,  and  to  that  of  many  other  rudimental  organs, 
which  subserve  no  function  whatever.  /  He  also,  with- 
out apparently  being  aware  of  Wolff's  ideas  on  this 
point,  applies  it  to  the  explanation  of  the  embryonic 
phases.  "  For  if  it  be  influential  when  all  the  organs 
are  fully  formed,"  he  says,  "  and  are  only  growing  or 
maintaining  themselves,  much  more  will  it  be  so  when 
the  several  organs  are  successively  forming.  At  this 
time,  as  each  nascent  organ  takes  from  the  nutritive 
material  its  appropriate  constituents,  it  wiU  co-operate 
with  the  gradual  self-development  of  the  blood,  to  in- 
duce in  it  that  condition  which  is  essential,  or  most 
favourable,  to  the  formation  of  the  organs  next  in 
order  to  be  developed." 

This  principle  further  enables  us  to  understand  how 
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the  existence  of  certain  materials  in  the  blood  may 
determine  the  formation  of  stmctures  in  which  these 
materials  are  to  be  incorporated ;  and  it  enables  us  to 
miderstand  the  "constitutional  disturbance/'  or  general 
state  of  ill  health,  which  arises  from  some  local  disturb- 
ance, such  as  a  cold  in  the  head ;  for, ''  if  each  part  in 
its  normal  nutrition  is  an  excreting  organ  to  the  rest, 
then  cessation  or  perversion  of  nutrition  in  one,  must, 
through  definite  changes  in  the  blood,  affect  the  nutri- 
tion of  the  rest'' 

How  evidently  the  special  condition  of  the  organism 
determines  the  growth  or  decrease  of  certain  organs, 
may  best  be  seen  in  the  sudden  development  of  the 
beard  and  the  voice  at  the  period  of  puberty.  Birds  in 
the  pairing  season  acquire  their  most  brilliant  plumage, 
and  express  the  tumult  of  their  emotions  in  perpetual 
song.  Stags  at  the  same  epoch  develop  their  antlers, 
and  make  the  forest  ring  with  their  hoarse  barking. 
Mr  Paget  justly  says — "  Where  two  or  more  organs 
are  thus  manifestly  connected  in  nutrition,  and  not 
connected  in  the  exercise  of  any  external  office,  their 
connection  is  because  each  of  them  is  partly  formed  of 
materials  left  in  the  blood  on  the  formation  of  the 
other."  * 

Does  not  this  throw  a  new  light  upon  the  blood  ? 
and  do  you  not  therein  catch  a  glimpse  of  many  pro- 
cesses before  entirely  obscure  ?  It  assures  us  that  the 
blood  is  not  "flowing  flesh" — la  chair  cotdarUe — as 
Bordeu  called  it,  to  the  great  delight  of  his  successors ; 

*  Paget,  p.  32. 
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nor  is  it  even  liquid  food.  It  is  an  organic  Btmctnie, 
incessantly  passing  throngh  changes,  which  changes 
are  the  conditions  of  all  development  and  activity. 
Food  and  Drink  become  subjected  to  a  complicated 
series  c£  digestive  processea  The  liquid  product  of 
Digestion  is  carried  into  the  blood-stream,  undergoing 
various  changes  in  its  routa  It  is  now  blood;  but 
other  changes  supervene  before  this  blood  is  fitted  for 
the  nourishment  of  the  tissues ;  and  then  certain  ele- 
ments  pass  from  it,  through  the  walls  of  the  capillaries, 
to  be  finally  assimilated  by  the  tissues.  In  the  simpler 
animals,  the  liquid  product  of  digestion  is  itself  the 
immediate  agent  of  Nutrition,  and  does  not  pass 
through  the  intermediate  stage  of  blood.  It  escapes 
from  the  digestive  canal  into  the  general  substance  of 
the  body,  which  it  permeates  and  nourishes  much  in 
the  way  that  the  blood-plasma  nourishes  the  substance 
of  the  more  complex  animala  But  in  the  simplest 
animals  there  is  not  even  this  approach  to  blood. 
There  is  no  liquid  product  of  digestion,  for  there  is  no 
digestion  at  all,  the  water  in  which  these  animals  live 
carrying  oiganic  matter  in  solution;  ^ia  permeates 
the  substance,  and  is  assimilated :  thus  does  the  water 
play  the  part  of  blood,  carrying  the  food,  and  carrying 
away  the  waste. 

Let  the  speculative  mind  traverse  the  marvellous 
scale  of  created  beings  upwards,  fix>m  the  simplest  to 
the  most  complex,  and  it  will  observe  that  Assimilation 
first  takes  place  by  means  of  the  direct  relation  of  the 
organism  to  the  sorroimdijig  medium;  next  atriyes  the 
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intaposition  of  agencies  which  prepare  the  food  for  the 
higher  effects  it  has  to  produce ;  and  instead  of  rely- 
ing on  organic  substances  in  solution,  the  organism 
is  seen  extracting  nutriment  from  other  organisms; 
finally  is  seen  the  operation  of  still  more  complicated 
agencies,  which  impress  on  the  digested  food  still 
higher  characters,  converting  it  into  blood.  This 
blood  is  retained  in  a  system  of  vessels  eveiywhere 
closed  Tet,  in  spite  of  the  absence  of  orifices  or 
pores,  it  is  distributed  impartially  to  the  most  distant 
parts  of  the  organism,  and  it  is  distributed  according 
to  the  momentary  requirements  of  each  part,  so  that 
when  an  organ  is  called  upon  to  put  forth  increased 
energy,  there  is  always  an  increase  of  food  sent  to 
supply  that  energy.  If  the  stomach  has  been  quiet  for 
hours  while  the  brain  has  been  active,  the  regulating 
power  of  the  circulation  has  adapted  the  supply  of 
blood  to  each  organ ;  and  no  sooner  will  the  stomach 
be  called  upon  to  exert  itself,  than  an  abundant  supply 
of  blood  will  instantly  be  directed  to  it  This  simple 
and  beautiful  fact  in  the  animal  economy  should  warn 
men  against  the  vicious  habit  of  studying  at,  or  shortly 
after,  meals,  or  of  tasking  the  brain  when  the  stomach 
is  also  tasked. 


CHAPTER  V. 

CmCULATION  OF  THE  BLOOD :   ITS  HISTORY,  COURSE, 

AND  CAUSES. 

Wa8  Harvey  the  diflcoTerer  of  the  oircalation? — Course  taken  by  the 
blood — Histoiy  of  seTonteen  oenturies— Three  errors  removed  by 
Galen,  Vesalius,  and  Colombo — What  then  remained  for  Harvey? — 
Discovery  of  the  valvea— Exaggeration  of  their  importance :  veins 
without  valves — ^DiBcovery  of  the  fact  of  the  ciroulation— Reception 
of  the  discovery  by  contemporaries— Deficiencies  in  Harvey's  doctrine 
— Discovery  of  the  capillary  vessels :  their  structure  and  unes— Dis- 
covery of  the  lymphatics— Harvey  ^s  opposition  to  it — Statement  of 
Harvey's  real  claims — The  cause  of  the  circulation — Influence  of  the 
heart;  not  the  sole  cause — Rapidity  of  ciroulation— Circulation  in 
absence  of  the  heart — ^Motions  of  the  heart ;  cause  thereof;  nerves 
and  ganglia  of  the  heart — The  heart  continuing  to  beat  after  death 
— ^Action  of  the  Arteries — Ciroulation  in  the  capillaries — Draper's 
hypothesis — Spallanzani's  observations — Ciroulation  and  Respira- 
tion. 

Did  Harvey  discover  the  circulation  of  the  blood? 
To  many,  the  question  will  sound  like  an  impertinence. 
To  those  who  have  critically  examined  the  historical 
evidence,  the  question  wears  another  aspect,  and  their 
answer  will  run  somewhat  thus :  Harvey  did,  and  he 
did  not,  make  the  discovery ;  he  made  a  veiy  great 
discovery,  which  has  given  an  imperishable  glory  to 
his  name,  but  it  was  not  precisely  that  which  is  popu- 
larly attributed  to  him.   In  endeavouring  to  mark  clearly 
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out  that  which  he  discovered,  and  that  which  he  did  not 
discover,  no  attempt  will  be  made  here  to  diminish  the 
fame  England  is  justly  proud  of,  by  ransacking  the 
archives  of  science  to  detect  stray  passages  of  meaning- 
less vagueness,  wherein  older  authors  may  have  indi- 
cated something  like  the  truths  which  Harvey  estab- 
lished on  the  firm  basis  of  experiment  and  reasoning. 
Erudite  prejudice  has  done  its  worst  in  this  direction, 
and  its  worst  has  only  set  Harvey's  merits  in  a  clearer 
light 

Harvey  discovered  the  fact  of  the  circulation ;  but 
he  did  not  discover  the  cowrse  of  the  circulation,  nor 
the  cavjses  of  the  circulation.  He  knew  that  the  blood 
was  carried  firom  the  heart  through  the  arteries  to  the 
tissues,  and  from  the  tissues,  through  the  veins  and 
lungs,  back  again  to  the  place  whence  it  started. 
But  he  knew  not  how  the  blood  passed  from  arteries  to 
veins ;  he  knew  not  why  the  blood  thus  moved  In  our 
day  Science  is  in  possession  of  the  exact  course  of  the 
circulation,  but  the  exact  causes  are  still  under  ques- 
tion. We  know  that  the  circulating  system  consists  of 
hearty  arteries,  veins,  capillaries,  and  lymphatics,  Har- 
vey knew  not  the  capillaries  and  lymphatics  ;  so  that 
his  knowledge  of  the  course  taken  by  the  blood  was 
necessarily  incomplete. 

To  put  the  reader  in  possession  of  what  is  now 
known  on  this  subject,  and  to  enable  an  estimate  to 
be  formed  of  what  Harvey  discovered,  we  will  first  take 
a  rapid  view  of  the  circulation. 
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The  following  diagram  will  convey  a  general  eoncep- 
tioB  of  the  course  of  the  drcala-  p    jj 

tion : — ■ 

The  reader  will   understand  c  '* 

that  this  fignre  is  a  diagram, 
not  a  "picltire :  it  represents,  in  *  ^ 

an  ideal  manner,  the  relation  of  "  f 

the  varioos  parts  of  the  circulat- 
ing system  to  each  other,  and 
shows  bow  a  circle  is  formed 
by  the  blood  starting  fi-om  the 
right  auricle.  A,  of  the  heart, 
and  passing  thence  into  the  right 
ventricle,  B;  from  this  again  it  is 
driven  by  a  strong  coDtraction      nuo»Aii  or  ciKoi*Tmn. 
of  the  palmonary  artery,  C,  into  the  lungs ;  from  the 
lungs  it  is  carried  by  the  pulmonary  veins,  D,  back 
to  the  left  auricle,  E,  of  the  heart,  and  from  that  to 
the  left  ventricle,  P,  whence  it  is  poured  into  the  arter- 
ies, and  passes  from  these  thron|i|h  the  capillaries  (de- 
scribed in  our  last  chapter,  p.  241,  and  represented  by 
dotted  lines  in  fig.  11)  into  the  veins,  and  thus  is  once 
more  carried  back  to  the  heart 

Such  is  the  diagram,  or  theoretic  view,  of  the  circula- 
tion. But  lest  the  reader  should  be  misled  by  this, 
which  is  intended  to  simplify  the  conception,  I  will 
now  give  a  representation  of  a  part  of  the  actnal  dis- 
position of  the  circulating  apparatus,  which  be  can 
complete  by  the  aid  of  the  theoretic  diagram. 
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The  heart  is  composed  of  fonr  cavities,  two  auriclea 
or  antechambers,  and  two  ventricles  oi  chambers.  Into 
the  light  auricle  (o)  the  blood  enters  by  means  of  the 

Fl(t.  12. 


two  great  trunk-veins,  the  superior  and  inferior  veiuB 
cava  (c  and  c).  After  passing  thence  into  the  right 
ventricle  (cf)  it  is  driven  by  the  pulmonary  artery  (P) 
into  the  lung<;.  This  vessel  is  called  an  artery  although 
it  contains  venous  blood ;  for  vessels  do  not  receive 
their  names  from  the  nature  of  the  blood  they  cariy, 
but  from  the  nature  of  their  oflSce  :  those  which  carry 
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blood  to  the  heart  are  called  veins,  those  which  carry 
it  from  the  heart  are  called  arteriea 

In  the  lungs  (L  L)  the  blood  comes  in  contact  with 
the  oxygen  of  the  atmospheric  air,  admitted  to  the  air- 
cells  of  the  lungs  through  the  windpipe,  or  trachea  (T) 
which  branches  off,  and  ramifies  through  the  lungs  as 
bronchial  tubes.  The  action  of  the  oxygen  changes  the 
blood  from  venous  into  arterial 

The  blood  now  returns  from  the  lungs  by  the  pul- 
monary veins  (p  p)  and  enters  the  left  auricle  (o), 
whence  it  passes  into  the  left  ventricle  (g).  It  is  then 
driven  into  the  arteries,  through  the  great  arterial 
trunk,  the  a>orta  (A),  and  is  by  them  distributed  to  the 
various  tissues 

The  arterial  blood  having  served  its  purpose,  and 
having  yielded  some  of  its  materials  to  the  tissues 
through  which  it  flowed,  has  now  to  return  once  more 
to  the  heart,  to  be  reinvigorated  by  passing  through 
^e  lunga  In  the  diagram^  we  saw  this  return  effected 
\jneans  of  the  veins.  But  there  is  another  system 
.1  vessels,  different  from  veins  and  capillaries,  of  which 
no  notice  is  taken  in  the  diagram.  This  is  the  Lym- 
phatic system. 

The  Lymphatics,  like  the  roots  of  plants  absorbing 
nutriment  from  the  earth,  absorb  lymph  from  the 
various  organs  iu  which  they  are  distributed,  as  we 
shall  learn  more  particularly  hereafter.  These  lympha- 
tics pour  their  contents  into  the  venous  current,  which 
thus  becomes  a  confluence  of  streams,  all  flowing  to- 
wards the  heart. 
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This  is  the  circuit  taken  by  the  blood,  from  the  right 
auricle  of  the  heart  back  again  to  that  starting-point 

r.  Stoby  op  the  DkIooveey. — ^The  story  of  this 
discovery  is  one  of  the  most  interesting  and  instruo- 
tive  in  the  whole  range  of  science,  and  it  has  recently 
been  re-written  by  M.  Flonrens  in  a  very  agreeable 
styla*  He  declares  that  before  him  no  one  had  accu- 
rately narrated  it.  In  some  sense  this  is  true ;  but  there 
are  important  omissions  in  his  own  account ;  and  wh'de 
availing  myself  of  his  labours,  I  shall  endeavour  to 
complete  them.  It  is  a  story  whose  episodes  extend 
over  not  less  than  seventeen  centuries ;  and  the  two 
centuries  that  have  elapsed  since  the  discovery,  have 
not  sufficed  entirely  to  complete  it.  Seventeen  centu- 
ries is  a  vast  span  of  time  for  the  elaboration  of  the 
discovery  of  a  fact  which,  now  we  know  it,  seems  so 
obvious  that  the  marvel  is  why  it  was  ever  unknown ; 
and  the  moral  of  the  story  4ies  precisely  there,  teaching, 
as  it  does,  the  remarkable  servility  of  the  mind  in  the 
presence  of  established  opinions,  and  the  difficulty 
which  is  felt,  even  by  eminent  men,  in  seeing  plain 
facts,  when  their  eyes  are  hoodwinked  by  preconceived 
notions.  To  those  who  are  unfamiliar  with  the  practical 
investigation  of  science,  it  seems  singular  that  errors, 
so  baseless  that  they  vanish  immediately  they  are  chal- 
lenged, should  continue  to  find  believers  :  and  to  men 
who  have  never  trained  themselves  in  the  difficult  and 

*  Flourens  :  ffutoire  de  la  DScouverie  de  la  CirciUaHon  dtt  Sahg. 
1854. 
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delicate  art  of  Observation,  it  seems  singular  that  &cts, 
extremely  simple  when  observed,  should  continue  to 
bie  overlooked.  But  the  truth  is,  observers  are  at  all 
times  rare,  because  Tiew  observation  requires  singular 
independence  of  mind;  and,  unhappily,  those  who 
never  made  an  observation  themselves,  are  always 
ready  to  dispute  the  accuracy  of  new  observations  made 
by  others. 

1.  Three  errors  which  masked  the  truth — In  the 
case  now  before  us  there  were  three  capital  errors, 
which  for  seventeen  centuries  masked  the  fact  of  cir- 
culation; and  the  reader  will  probably  learn  with 
surprise  what  those  errors  wera 

The  first  error  was,  the  belief  that  the  arteries  did 
not  contain  blood. 

The  second  error  was,  the  belief  that  the  two  cham-> 
bers  of  the  heart  communicated  with  each  other  by 
means  of  holes  in  the  partition  dividing  thent 

The  third  error  was  the  belief  that  the  veins  carried 
the  blood  to  the  various  parts  of  the  body. 

How  was  it  possible  that  errors  so  flagrant  as  these 
could  have  maintained  their  ground  a  single  day  after 
men  began  seriously  to  examine  the  subject?  It  was 
obvious  that  air  entered  the  body,  and  entered  it  by 
the  trachea,  or  windpipe.  The  conclusion  was  natural, 
in  the  early  days  of  science,  that  the  air,  thus  entering 
by  the  trachea  and  bronchial  vessels,  should  continue 
its  course  through  other  vessels.  When  the  arteries  of 
a  dead  body  were  examined,  they  were  found  empty, 
and  consequently  the  arteries  were  chosen  as  the  verit- 
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able  air-ehannels :  hence  their  name  ("  air-containers/' 
from  &rifi  and  rri^tu). 

What,  then,  becomes  of  the  air  inspired  ?  Galen  said 
it  did  not  enter  the  parts  of  the  body,  but  was  thrown 
out  again  after  performing  its  office,  that  office  being 
to  cool  the  blood  If  yon  open  an  arteiy,  said  Galen, 
blood  will  issue,  but  not  air :  whence  the  conclusion 
seems  ineyitable,  that  the  arteries  do  not  contain  air, 
and  do  contain  blood.  Modem  science  has  proved 
that  atmospheric  air  is  not  contained  in  the  arteries, 
but  only  its  oxygen  with  a  slight  amount  of  nitrogen, 
and  a  certain  amount  of  carbonic  acid  gas.  And 
as  the  composition  of  the  atmosphere  was  not  sus- 
pected in  the  days  of  Galen,  the  presence  of  blood, 
and  the  absence  of  air,  were  facts  so  firmly  established 
by  him,  that,  in  spite  of  all  antagonists,  they  finally 
assumed  the  place  of  incontestable  truth& 

Here,  then,  we  see  one  error  removed.  The  others 
still  remained.  Galen,  and  all  his  successors,  main- 
tained that  the  two  chambers  of  the  heart  communi- 
cated directly  by  means  of  holes  in  their  partition ;  an 
opinion  perfectly  intelligible  when  we  learn  that  it 
rested  on  a  theoretical  assumption.  Theory  wanted  the 
fact,  and  men  saw  the  fact  they  wanted.  Theory  distin- 
guished between  venous  blood,  and  spirituotia  or  arte- 
rial blood :  The  venous  blood  nourishing  all  the  coarser 
organs,  such  as  the  liver  ;  the  spirituous  blood  nourish- 
ing all  the  delicate  organs,  such  as  the  lungs. 

In  our  day  we  should  demand  some  proof,  before 
accepting  such  a  theory ;  but  the  ancients  had  a  very 
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vague  idea  of  the  necessity  of  proof ;  and  were  equally 
vague  respecting  the  nature  of  proof :  so  long  as  an 
opinion  was  logical  and  plausible,  it  was  held  to  be 
irresistible. 

The  spirituous  element  was  supposed  to  be  formed 
in  the  left  ventricle  of  the  heart ;  but  inasmuch  as  even 
venous  blood  requires  some  of  this  spirit  for  the  pur- 
poses of  nutrition,  it  was  necessary  that  the  two  bloods 
should  mingle  ;  and,  to  meet  this  necessity,  holes  were 
assumed  in  the  partition  dividing  the  two  ventricles. 
So  deeply  impressed  were  anatomists  with  reverence 
for  what  Galen  had  said,  and  what  theory  required, 
that  they  one  and  aU  sa/w  the  holes — ^which  do  not 
exist  Berenger  de  Carpi  had,  indeed,  an  uneasy 
doubt  on  the  subject,  which  he  naively  expressed. in 
the  admission  that  the  holes  were  only  to  be  seen  with 
great  difficulty — cwm  mcucimd  difficidtate  videntvr  ; 
but,  by  straining  the  eyes  sufficiently,  he  doubtless  saw 
what  Qalen  required  him  to  see — ^as  thousands  daily 
see  what  they  believe  they  ought  to  see.  The  first 
man  who  had  sufficient  strength  of  mind  to  use  his 
eyes,  and  say  what  he  saw,  was  Yesalius,*  the  father 
of  modem  anatomy:  for  whom  Titian  did  not  draw  the 
figures  which  illustrate  his  work.+ 

*  VESAUns :  Opera  Omnia,  edit.  1725,  i.  519.  The  first  edition 
of  the  Anatomy  was  published  in  1543.  ^ 

f  The  real  artist  was  Caloar,  a  pupil  of  Titian's,  called  by  Vasari, 
Giovanni  Fiammingo.  I  do  not  know  how  the  tradition  arose  which 
attributes  the  figures  to  Titian— (Cuvier,  Hist,  de*  Sc.  Nat,  ii.  21). 
Vesalius  Mmsolf  names  JohaiMMs  Calcareruis  in  his  preface,  and  makes 
no  mention  of  Titian. 

2a 
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Thus  was  the  second  error  overthrown  in  1543. 
The  third  error — ^namely,  that  of  the  veins  carrying 
the  blood  to  the  tissues — ^was  somewhat  more  complex. 
K  the  venons  and  arterial  bloods  do  not  mingle  in  the 
heart,  where  do  they  mingle  ?  We  know  it  is  in  the 
lungs  that  the  one  passes  into  the  other ;  but  it  was 
an  immense  discovery  to  make ;  and  there  is  something 
piquant  in  the  fact  that  it  was  first  divined  by  a  rest- 
less and  daring  theologian,  whom  Calvin  burned,  with 
affectionate  zeal,  for  speculations  of  another  kind. 

Michael  Servetus  was  the  first  to  announce  the 
existence  of  the  circulation  in  the  lungs  ;  and  he  an- 
nounced this  in  the  Christianismi  Restitutio,  a  work 
which  was  burned  by  the  theologians.  Two  copies  of 
this  work  exist :  one,  still  reddened  and  partly  con- 
sumed by  the  flames,  is  in  the  Soyal  Libraiy  of  Paris ; 
and  copious  extracts  from  it  are  printed  by  M.  Flourens 
in  his  "  History."  Servetus  there  describes  the  passage 
of  the  blood  from  the  heart  to  the  lungs,  ''  where  it  is 
agitated,  prepared,  changes  its  colour,  and  is  poured 
from  the  pulmonary  artery  to  the  pulmonaiy  vein.''  * 

This  idea  was  as  novel  as  it  was  true ;  but  the  cri- 
tical reader  will  probably  not  agree  with  M.  Flourens 
in  regarding  this  as  a  discovery^  in  the  strict  sense  of 
the  term ;  for  although  Servetus  had  some  notion  of 
the  anatomical  evidence  furnished  by  the  large  sLse 

*  "  Fit  autem  oommunicatio  haeo,  non  per  parietom  cordis  medium, 
ut  Tulgo  creditor.  Sed  magno  artificio  a  deztro  cordis  Tentriculo 
longo  per  pulmones  ductu,  agitatur  sangninia  subtiUa :  a  pulmonibus 
pneparatur,  flavus  effioitur,  et  a  Tena  arterioea  in  arteriam  venosam, 
transfunditur." 


THE  CLAIMS  OF  SERVETUS.         301 

of  the  pnlmoDary  artery,  which  enables  it  to  carry  a 
&r  greater  quantity  of  blood  than  conld  be  needed 
for  the  nutrition  of  the  lungs,  yet  we  have  only  to 
read  the  passages  in  which  he  describes  this  pulmonary  * 
circulation  to  perceive  that  he  had  no  accurate  idea  of 
it :  he  speaks  confidently  of  the  nerves  being  continu- 
ations of  the  arteries,  and  describes  with  great  preci- 
sion how  the  air  passes  from  the  nose  into  the  chambers 
of  the  brain ;  and  how  the  devil  takes  the  same  route  to 
lay  siege  to  the  souL  All  we  can  say  is,  that  Servetus 
made  one  lucky  guess  among  his  numerous  guesses  by 
no  means  of  the  lucky  kind.  I  think  it  right  to  insist 
on  this  point,  because,  owing  to  the  rarity  of  the  book 
in  which  the  guess  was  promulgated,  very  few  persons 
have  been  able  to  form  a  correct  idea  of  what  Servetus 
really  meant  Thus  Cuvier,  among  others,  empha- 
tically asserts  that  '*  the  physiological  phenomenon  of 
the  pulmonary  circulation  is  explained  in  a  very  clear 
maimer,''*  and  that  Servetus  says,  ''  in  a  positive 
manner,  that  the  whole  mass  of  the  blood  passes  through 
the  lungs/'  The  copious  extracts  given  by  M.  Flourens 
now  enable  every  one  to  see  what  Servetus  really  did 
assert  He  announced  the  fact  of  the  pulmonary  circu- 
lation, and  may  receive  from  History  the  whole  credit 
of  such  priority;  he  also  guessed  rightiy  that  in  the 
lungs,  and  not  in  the  liver,  the  blood  received  its  elabo- 
ration, passing  from  venous  into  arterial 

But  whatever  merit  may  be  assigned  to  Servetus,  no 
influence  can  be  attributed  to  his  discovery,  since  both 

*  QunXBL :  Hid,  des  Scietieet  If  at.,  ii.  15. 
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he  and  his  treatise  were  roasted  by  Calvin ;  and  no  one 
heard  of  the  pulmonary  circulatioa  ^iz  years  after- 
wards, Bealdo  Colombo  re-discovered  the  pnlmonaiy 
circulation;*  and  that  the  discovery  was  ready  to  be 
made  on  all  sides,  is  seen  in  the  fact  of  its  being  also 
made  by  Caesalpinus,  the  great  botanist,  who  does  not 
seem  to  have  been  aware  of  what  Colombo  had  written, 
since  he  makes  no  mention  of  him,  and,  as  M.  Flourens 
observes,  le  grand  merits  est  toujours  probe.  Csesal- 
pinus,  moreover,  was  the  first  to  pronounce  the  phrase 
"  circulation  of  the  blood"  f 

2.  Discovery  of  the  general  CircuUition, — Here  the 
reader  may  ask,  What  further  remained  for  Harvey  to 
discover  ?  and  it  may  surprise  him  to  hear  the  answer : 
Everything !  Such  is  pretty  nearly  the  fact  The  pul- 
monary circulation  takes  place  only  through  a  small 
arc  of  the  great  circle  traversed  by  the  blood.  Besides 
this  arc,  there  is  the  other  greater  arc,  through  which 
the  systemic,  or  general  circulation,  takes  its  course ; 
and  of  this  no  one,  except  Caesalpinus,  had  even  a  sus- 
picion. Every  one  supposed  that  the  veins  carried  the 
blood  to  the  tissues,  and  nourished  them;  no  one  sus- 
pected that  this  fimction  was  reserved  for  the  arteries, 
and  that  the  veins  carried  the  blood  only  to  the  heart. 
It  was  thought  that  the  arteries  had  their  origin  in  the 
heart,  and  the  veins  in  the  liver;  from  the  liver  the 
veins  carried  the  blood  to  every  part. 

•  Colombo  :  De  re  AnaiomicA,  edit.  1672,  p.  325. 
t  C-aSALPiNUS :  Qucest.  Peripetd.^  edit.  1593,  lib.  v.  p.  125.   FloupenB 
giyes  the  passage,  as  well  as  that  from  Colombo. 
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A  single  fact,  familiar  to  every  surgeon,  and  to  every 
barber  who  ever  opened  a  vein,  ought  to  have  revealed 
the  error ;  since  every  time  a  ligature  was  applied,  the 
operator  must  have  seen  that  the  vein  swelled  below 
the  ligature,  and  not  above  it ;  from  which  the  deduction 
seems  obvious  that  the  blood  in  the  vein  flowed  to  the 
heart,  and  not  ^om  it 

But  here,  as  in  so  many  other  cases,  familiar  facts 
were  not  observed;  they  were  seen,  but  not  interpreted. 
Csesalpinus  was  the  first  who  observed  it;  but  he  has 
only  the  merit  of  having  suspected  the  cause  to  be  the 
current  setting  towards  the  heart.*  His  suspicion  was 
not  a  demonstration ;  and  we  are  surprised  to  find  De 
Blainville  saying,  ''  that  the  circulation  was  known  to 
OsBsalpinus,  although  he  had  not  demonstrated  it"  In 
Science,  the  difference  between  a  guess  and  a  demon- 
stration is  as  great  as  that  between  the  fame  which  an 
unwritten  poem  may  achieve,  and  the  fame  which  a 
great  poem  has  achieved.  If  guesses  counted  as  achieve- 
ments, the  temple  of  fame  would  be  thronged  with  the 
statues  of  heroes. 

De  Blainville  says  that  the  reason  why  Haller  and 
others  have  denied  the  claim  of  Csesalpinus,  is  because 
they  did  not  read  what  he  had  said  in  his  work  On 
PlarUs.'f    Now,  if  we  turn  to  the  passage  in  question, 

*  *'  Quia  tument  yen»  ultrik  Tincalum,  non  dtiA.  Debuisset  antem 
opposlto  modo  contingere,  si  motus  wangnlnJH  et  spiritUB  a  yisoeribuB 
fit  in  totom  corpus." — Qucettionum  Medicarum,  lib.  ii.  p.  284. 

t  De  Blainvillb  :  Hist,  da  Scienca  de  FOrganitcaion,  ii.  227— a 
statemont  repeated  by  Isisobb  OEorVBOT  St  Hilaibb  :  Eiitoire  Oiai- 
raU  du  Rigna  Organt^uOf  L  44. 
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we  shall  see  how  far  the  writer  really  was  from  the 
truth,  and  yet  how  near  his  guess  went  to  the  trutL 
"  In  animals,  we  see  the  food  carried  by  the  veins  to 
the  heart,  as  to  a  centre  of  innate  heat ;  and  there, 
haying  acquired  its  final  perfection,  it  is  distributed 
over  the  whole  body  through  the  arteries,  by  the  agency 
of  the  spirit,  which  is  engendered  in  the  heart  by  this 
same  food."  * 
^  ''>l  Easy  is  at  is  for  us  to  read  into  this  passage  almost 
all  that  we  understand  by  the  circulation,  a  dose  histo- 
rical criticism  detects  in  it  nothing  but  a  guess;  and 
as  B^ard  remarks,  we  ought  not  to  confound  two  such 
yague  statements  as  these,  themselyes  requiring  demon- 
stration, and  by  Coosalpinus  himself  subsequently  con- 
tradicted, with  the  clear  ideas,  and  imposing  proofs,  on 
which  Haryey  established  his  discovery. -|* 

The  convincing  evidence  of  Harvey's  originality  is, 
that  not  only  was  the  guess  advanced  by  Csesalpinus 
without  any  influence  on  the  theories  of  that  day,  in 
spite  of  his  deserved  authority;  but  that  when  Harvey 
promulgated  his  theory,  he  found,  all  over  Europe,  the 
greatest  difficulty  in  getting  it  accepted.  B^rd  main- 
tains, that  so  far  from  any  one  before  Harvey  having 
had  a  clear  idea  of  the  true  theory,  no  one  had  even 
accurately  conceived  the  true  theory  oi  pulmonary  dr- 

*  Cjbsalfinus  :  DePlantit,  i.,  o.  2,  p.  8. — "  In  animaHbus  Tidemus 
alimeDtum  per  venaa  dud  ad  oor  tanquam  ad  offidnam  caloxis  inalti,  et 
adeptA  inhibi  ultixnA  perfeotione,  per  arteriaa  in  uniyeraum  oorpus  dia- 
tribui  agente  spiritu,  qui  ex  eodem  alimento  in  oorde  gignitur." 

t  Bkbard  :  Court  de  PhytiU.,  iii.  581.  Compare  MlLHl  Edwabds  ; 
Zt€font  sur  la  Phyt,  et  FAnat.  wmparkf  iii.  20. 
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eolation ;  for  although  Servetns,  Colombo,  and  Cteaal- 
pinns  knew  that  the  blood  passed  through  the  Inngs, 
they  fancied  only  so  much  passed  as  was  necessary  for 
the  reception  of  the  "  vital  spirits," — a  quantity  which 
their  predecessors  fancied  took  its  course  through  the 
holes  in  the  partition  of  the  heart.  But  they  had  no 
conception  of  the  entire  mass  of  blood  traversing  the 
lungs ;  and  even  had  tbey  known  so  much,  they  would 
have  been  wholly  at  a  loss  to  say  whence  it  came,  and 
whither  it  went.  It  was  necessary  to  understand  the 
whole  circulation  before  any  part  of  it  could  accurately 
be  understood. 

3,  Discovery  of  the   Valves. — The  discovery  that 
the  veins  had  valves,  opening  and  closing  like  doors, 
brought  the  discovery  of  the  ciiculation  within  com- 
pass.    It  was  made  in  157*  Fiir.  is. 
by  Fabrice  d'Acquapendente, 
under  whom  Harvey  studied 
at  Padua.    In  the  following 
figure  the  valves  6  6  6  are  re- 
presented  in  the    course  of  *"" 
the    venons  trunk,    and    at 
the  entrance  of  the  venous 
branches.    These  valves,  pre- 
venting any  flow   from  the 
heart,  but  admitting  the  flow       ^"■'■"  •"  ™*  ^■"«- 
to  the  heart,  might  have  suggested  to  their  discoverer 
the  true  interpretation  of  their  use.      But  flve-and- 
forty  years  elapsed  before  any  one  arose,  who  had 
the  sagacity  to  perceive  the  real  value  of  this  anato- 
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mical  structure  in  respect  to  the  blood-currents ;  and 
during  these  five-and-forty  years,  everything  that  had 
been  discovered  or  surmised  respecting  the  circula- 
tion, was  familiar  to  eveiy  anatomist  of  the  great 
Paduan  school  in  which  Harvey  studied:  neverthe- 
less, when  Harvey  promulgated  his  theory,  it  was 
vehemently  opposed. 

In  1619  Harvey  first  publicly  taught  what  he  had 
discovered;  and  in  1628  he  published,  for  the  benefit 
of  Europe,  his  celebrated  treatise,  Exercitatio  Anato- 
mica  de  Motu  Cordis  et  Sanguinis,  which  may  justly 
be  called  the  basis  of  modem  physiology.  That  the 
theory  was  new,  and  would  be  opposed  as  a  heresy,  no 
one  more  clearly  divined  than  he  did.''^  The  greatness 
of  the  discovery,  and  the  force  of  genius  required  to 
make  it,  can  only  be  appreciated  by  those  who,  familiar 
with  the  state  of  opinion  in  those  days,  read  the  evi- 
dence and  arguments  by  which  Harvey  established  his 
doctrine.  It  is  true  that  he  appeared  at  a  particular 
epoch,  when  the  confluence  of  various  discoveries  ren- 
dered his  discovery  possible;  but  that  a  man  of  genius 
was  necessary  to  interpret  and  co-ordinate  those  dis- 
coveries, is  evident  in  the  fact,  that  no  one  except 
Harvey  had,  for  nearly  half  a  century,  seen  the  signi- 
ficance of  the  facts. 

Here,  however,  a  caution  must  be  interposed.    The 

*  **  Adeo  ii8  nova  erunt  et  inaudita,  ut  non  solum  ex  invidia  qaerun- 
dam  metuam  malum  mihi,  aed  Tereor  ne  habeam  iniTninAn  omnee  ho- 
mines, tantum  consuetudo  aut  semel  inhibita  doctrma,  altisque  defixa 
radicibus,  quasi  altera  natura  apud  onmes  valet,  et  antiquitatis  vene* 
randa  opinio  cogit." — ExtrciL  p.  88. 
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importance  of  the  valves  has  been  greatly  exaggerated, 
and  their  real  bearing  on  Harvey's  discovery  miscon- 
ceived. They  are  thought  to  have  rendered  the  dis- 
covery facile,  because,  inasmuch  as  they  prevent  the 
blood  from  flowing  backwards,  while  permitting  it  to 
flow  outwards,  the  idea  of  the  circulation,  it  is  said, 
must  necessarily  have  emerged  from  the  contemplation 
of  these  valves. 

Against  this  supposition  there  is  one  decisive  fact : 
no  one  did  deduce  the  conclusion  which  is  said  to 
have  been  so  necessary. 

Moreover,  in  many  cases,  circulation  takes  place 
entirely  without  their  aid.  There  are  no  valves  in  the 
veins  of  the  Invertebrata,*  none  in  the  veins  of  fishes 
and  reptiles,  and  very  few  in  birds ;  yet  the  circulation 
is  as  complete  in  these  animals  as  in  man. 

Nay,  even  in  man  the  chief  veins  are  destitute  of 
valves,  although  writers  on  Natural  Theology,  and 
even  better-informed  physiologists,  are  in  the  habit  of 
speaking  of  them  as  if  they  were  universal  and  indis- 
pensable :  it  may,  therefore,  be  useful  to  mention,  that 
there  are  no  valves  whatever  in  the  great  venous  trunks, 
the  venae  cavsB,  and  portal  veins — ^none  in  the  hepatic, 
renal,  and  uterine  veins — none  in  the  brachio-cephalic, 
spinal,  and  iliac  veins  ;  and  they  are  rarely  present  in 
the  azygos  and  intercostal  veins. 

4.  Harvey's  Originality. — ^M.  Flourens  says,  that 
when  Harvey  appeared  everything  had  been  suspected 

*  In  the  aorta  of  the  Eolii  there  is  a  semilunar  valve. 
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or  indicated,  bat  nothing  established.  This  seems  to 
me  even  less  than  the  tmth,  for  I  cannot  ascertain 
that  any  one  had  the  slightest  conception  of  the  real 
process. 

Acquapendente  could  make  nothing  of  the  vatves  he 
had  detected.  He  thought  their  ofSce  was  simply  to 
prevent  a  too  great  accumulation  of  blood  in  the  lower 
parts  of  the  body,  and  a  diminution  from  the  upper 
parta 

Colombo  thought  with  his  contemporaries,  that  the 
veins  had  their  origin  in  the  liver,  and  carried  blood 
to  the  tissues. 

CsBsalpinus,  in  spite  of  his  recognition  of  pulmonary 
circulation,  thought  the  blood  also  passed  from  the 
light  chamber  of  the  heart  to  the  left 

But  Harvey  not  only  conceived  a  dear  idea  of  the 
process,  he  described  it  minutely  and  accurately.  He 
noticed  the  successive  contractions  which  forced  the 
blood  into  the  ventricle  when  the  auricle  contracted, 
and  forced  it  from  the  ventricle  into  the  lungs  when 
the  ventricle  contracted ;  a  process  repeated  on  the 
left  side  with  the  blood  which  had  come  in  contact  with 
air  in  the  lungs.  And  at  each  passage  of  the  blood 
from  one  cavity  to  another,  there  were  the  valves,  or 
''little  doors"  {ostiola),  opemng  to  let  the  current 
pass,  and  closing  to  prevent  its  reflux. 

These  valves  are  represented  in  the  following  figure, 
which  shows  the  upper  surface  of  the  heart,  when  the 
auricles  are  removed  : — 

Harvey  described  the  course  of  the  blood  along  the 
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srteriea,  vhich  he  attributed  to  the  pulsations  of  the 
heart  ;  and  in  this,  instead  of  in  Galen's  "  pulsific 


virtue,"  he  recognised  the  cause  of  the  blood'a  move- 
ment. 

5.  Retxption  of  the  n««  Boctrine. — By  Harvey  the 
overthrow  of  ancient  authority  was  completed.  Men 
dyed  no  longer  swear  by  Ualen — they  swore  by  Har- 
vey, who  had  discovered  the  greatest  fact  in  the  ani- 
mal economy — a  fact  totally  unknown  and  unsuspected 
by  Galen,  or  any  other  ancient.  The  new  era  bad 
commenced. 

It  was  not  in  the  nature  of  things  for  the  old  system 
quietly  to  accept  the  new  ;  accordingly,  the  opposition 
was  loud  and  vehement     Like  many  other  parts  of 


310  CIRCULATION  OF  THE  BLOOD. 

this  history,  and  like  most  oppositions  to  new  doctrines, 
it  has  been  immensely  exaggerated  by  historians,  and 
by  writers  who  have  chosen  it  as  a  theme  for  rhetoria 
It  is  true  that  the  Faculty  rejected  the  new  doctrine ; 
but  it  is  no  less  true  that  eminent  men  accepted  it 
with  enthusiasm.  If  Guy  Fatin  was  caustic  in  opposi- 
tion, Moli^e  laughed  at  Guy  Fatin's  prejudice ;  and 
Boileau  ridiculed  the  Faculty.  Some  anatomists  ac- 
cepted the  doctrine,  and  the  great  Descartes  warmly 
espoused  it.*  Swammerdamm  and  Malpighi,  two  of 
the  great  names  of  the  century,  speak  of  Harvey  with 
reverence  ;  and  soon  no  one  spoke  of  him  in  any  other 
tone. 

6.  Gaps  in  the  Doctrine  of  Harvey, — It  is  impos-  * 
sible  to  read  Harvey's  work  without  the  highest  admi- 
ration for  the  scientific  genius  it  displays,  and  the  con- 
viction that  here  the  circulation  was  not  only  demon- 
strated, but  for  the  first  time  conceived.  The  experi- 
ments and  arguments  by  which  he  establishes  the  fact 
are  still  worthy  of  study,  as  models  of  investigation. 

But  there  were  necessary  gaps  in  his  doctrine.    The 

*  The  carelossnesfl  with  which  history  is  often  written,  is  ozhi* 
bited  in  the  criticism  of  M.  Isidore  St  Hilaire  :  Hist,  da  Rig%n 
Organiquet,  i.  49  ;  on  the  passage  in  CUYIER,  HUt.  da  Seimca  Nat., 
ii.  63,  where  Harvey  is  said  to  have  had  the  rare  happiness  of  seeing  his 
discovery  accepted  by  Descartes.  M.  St  Hilaire  remarks  that  this  is 
an  error,  because  Harvey  died  in  1657,  and  Descartes  did  not  publish 
his  TraiU  de  C Homme  until  1662.  This  remark  is  doubly  imfortunate, 
Descartes  having  expressed  his  adherence  to  the  doctrine  in  his  very 
first  work,  the  Discourt  de  la  Mithode;  and  Harvey  having,  in  his 
Second  Reply  to  Riolan,  expressed  his  gratification  at  this  flattering 
approval  of  Descartes. 
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course  of  the  circulation  was  not  known  to  him,  could 
not  indeed  have  been  discovered  by  any  instruments  at 
his  disposal.  He  supposed  the  blood  passed  from 
arteries  to  veins  by  two  paths,  either  through  anasto- 
mosis (that  is  to  say,  the  arteries  opening  directly  into 
veins),  or  through  the  porosities  of  the  parts — aut 
porosUates  camis  et  partiwm  solidarum  pervias  san- 
guini.  He  thought  it  necessary  that  so  much  of  the 
blood  as  was  required  by  the  tissues  for  their  nutrition, 
should  remain  behind  in  the  tissues,  and  the  rest  be 
carried  onwards  to  the  heart  The  error  is  consider- 
able ;  and  its  bearing  on  the  theory  of  the  circulation 
will  be  appreciated  by  any  one  who  reflects  on  the  fact 
that  venous  and  arterial  blood  being  so  obviously  dis^ 
tingnished,  it  is  necessary  that  the  passage  of  the  one 
into  the  other  should  be  demonstrate — not  surmised — 
before  the  theory  of  the  circulation  could  be  accepted 
as  complete;  for  any  one  might  reasonably  assume 
that  the  blood  in  the  veins  is  altogether  another  fluid 
from  that  in  the  arteries,  and  not  merely  another  state 
of  that  fluid. 

This,  indeed,  was  assumed  by  the  adversaries  of 
Harvey,  and  has  found  supporters  even  in  our  own 
day.  Burdach  cites  two  German  physiologists — Will- 
brand  and  Bunge — whom  he  thinks  worthy  of  refuta- 
tion, and  who  maintained  that  arterial  blood  was  trans- 
formed in  a  mass  into  the  tissues,  and  that  venous 
blood  was  the  re-transformed  tissuea  Unless  the  pass- 
age of  the  blood  into  the  veins  be  clearly  traced,  there 
can  be  no  reason  against  supposing  that  the  veins 
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simply  absorb  from  the  tissnes,  in  the  same  way  as  the 
lymphatics  and  lacteals  absorb  their  fluid.  To  prove 
that  the  blood  makes  a  circuit,  that  circuit  must  be 
traced ;  and  Harvey  plainly  declares  tiiat,  with  all  his 
diligence,  he  could  not  succeed  in  tracing  any  connect 
tion  between  arteries  and  veins  ;  in  only  three  places 
did  he  find  them  presenting  anything  like  an  anasto- 
mosis ;  in  every  other  place  he  imagined  porosities. 

7,  Discovery  of  the  CapiUaries. — Nor,  with  the 
means  at  his  disposal,  covld  Harvey  have  traced  the 
complete  course  of  the  blood.  The  Microscope  was 
needed;  and  the  first  to  employ  the  microscope  in  such 
researches  was  Malpighi,  who,  four  years  after  Harvey's 
death,  in  1661,  detected  those  Capillaries  which  form  the 
channel  of  communication  between  arteries  and  vein& 
(See  fig.  1 1 ,  p.  293.)  He  says  that,  at  first,  he  thought  the 
blood  poured  out  from  the  minute  arteries  in  streams, 
without  his  detecting  any  vessels  for  these  streams ; 
but  afterwards  he  detected  the  distinct  walls  of  these 
vessels;  and  he  describes  the  modes  of  examining  them 
in  the  lung  of  the  firog.  Their  network  arrangement 
on  the  pulmonary  cells  is  well  described  by  him.* 
Nevertheless,  in  1668,  Leeuwenhoek  describes  them  as 
if  previously  they  had  been  quite  unknown.  "I  used 
every  means  I  could  devise,"  he  says,  ''to  see  the 
complete  circulation  of  the  blood — ^namely,  that  one 

*  MALFiaBi :  Epitt.  IT.  de  Putmonilmtf  in  Opera  Omnia,  ii.  827  of 
the  4to  edition.  From  the  Opera  Potthuma,  p.  9,  it  appears  that  the 
date  of  this  diaoorery  was  1661.  I  am  indebted  to  Professor  Sharpbt 
for  this  reference. 
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of  the  smallest,  of  those  vessels  which  we  call  veins, 
arose  firom  another  which  is  called  an  artery,  and  after- 
wards conveyed  its  contents  to  a  larger  vein ;  bnt  I 
found  this  to  be  impossible,  for  when  I  followed  the 
course  of  the  artery  until  it  became  so  small  as  only  to 
admit  of  one  or  two  globules  to  pass  through  it  at  a 
time,  I  then  lost  sight  of  it.^  This  was  in  the  wing  of 
a  bat ;  but  subsequently  he  was  more  fortunate  with 
the  tail  of  a  tadpole  :  "  a  sight  presented  itself  more 
delightful  than  any  that  my  eyes  had  ever  beheld  ;  for 
here  I  discovered  more  than  fifty  circulations  of  the 
blood  in  different  places.  I  saw  that  not  only  the 
blood  in  many  places  was  conveyed  through  exceed- 
ingly minute  vessels,  firom  the  middle  of  the  tail  to- 
wards the  edges,  but  that  each  of  these  vessels  had  a 
curve  or  turning,  and  carried  the  blood  back  towards 
the  middle  of  the  tail,  in  order  to  be  conveyed  to  the 
heart  Hereby  it  appeared  plainly  to  me  that  the 
blood-vessels  I  now  saw  in  this  animal,  and  which  bear 
the  names  of  arteries  and  veins,  are,  in  fact,  one  and 
the  same — that  is  to  say,  that  they  are  properly  termed 
arteries  so  long  as  they  convey  the  blood  to  the  farthest 
extremities  of  its  vessels,  and  veins  when  they  bring 
it  back  towards  the  heart."  * 

Thus,  then,  was  the  demonstration  of  the  course  of 
the  blood  completed ;  and  we  must  confess  that  it  is 
with  surprise  we  find  all  historians  overlooking  the 
great  gap  in  the  doctrine  which  had  been  left  by 
Harvey,  a  gap  only  filled  up  by  Malpighi  and  Leeuwen- 

*  LESumaraoBK :  SeUd  Wwh$,  i  92. 
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hoek  in  their  discovery  that  these  capillaries  formed  the 
true  passage  of  arterial  into  yenoas  blood. 

It  is  necessary  to  bear  in  mind  that  the  capillaries 
are  a  distinct  set  of  vessels,  differing  from  the  arteries 
and  veins  which  they  connect,  in  their  anatomical 
structure,  and  in  their  arrangement  as  a  network  (Fig. 
8,  p.  242).  Bichat  was  the  first  who  systematically 
conceived  them  as  a  distinct  system  ;  but  their  struc- 
ture was  not  known  until  investigated  by  Henle,  in 
1841,  and  by  subsequent  histologista  The  existence 
of  these  vessels  is  not  only  important  to  the  theory  of 
the  circulation,  but  is  even  more  important  to  the 
theory  of  nutrition ;  since  it  assures  us  that  not  only 
does  the  blood  truly  circulate,  but  circulates  in  a  system 
of  closed  vessels,  so  that  only  by  oozing  through  the 
waUs  of  those  vessels  can  it  reach  the  tissues,  and 
nourish  them.  Indeed,  those  who  imagined  that  the 
blood  was  poured  on  to  the  tissues,  were  not  aware 
that  blood  under  such  circumstances  would  act  like  a 
foreign  substance:  instead  of  nourishing,  it  would 
destroy. 

K  the  reader  feels  any  difficulty  in  understanding 
how  the  blood  can  ooze  through  the  walls  of  the  ves- 
sels in  sufficient  quantities  for  the  purposes  of  nutri- 
tion, he  is  referred  to  the  explanation  previously  given 
of  Endosmosis  (see  p.  105).  Having  there  learned 
with  what  facility  the  passage  takes  place  when  the 
membrane  separates  two  fluids  of  .unequal  density,  he 
will  be  prepared  to  understand  how  it  may  take  place 
even  in  the  Slug,  which  has  a  continuous  layer  of  chaik 
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imbedded  in  the  walls  of  its  blood-vessels — a  fact 
which  considerably  surprised  me  when  I  first  observed 
it  In  other  animals  the  walls  of  the  blood-vessels  are 
more  delicate. 

8.  Discovery  of  iJie  Lymphatics. — Harvey  did  not  live 
to  hear  of  the  Capillaries  ;  but  there  is  another  system 
of  vessels,  of  which  indeed  he  heard,  although  he  failed 
to  appreciate  their  significance.  We  allude  to  the 
Lymphatics,  or  Absorbents.  They  are  minute  vessels, 
abounding  in  all  the  viscera,  rare  in  the  muscles,  and 
not  yet  detected  in  the  nervous  centres ;  when  they 
rise  from  the  alimentary  canal,  they  are  called  Lacteals, 
or  chyliferous  vessels,  and  as  such  were,  until  quite 
recently,  supposed  to  be  the  chief  channels  for  the 
conveyance  of  the  chyle  to  the  blood.  But  in  the 
chapter  on  Digestion  we  learned  that  this  chyle  is 
not  the  quintessence  of  the  digested  food,  and  that 
the  lacteals  only  differ  from  all  other  lymphatics  in 
canying  a  larger  proportion  of  fat,  which  gives  their 
fluid  its  milky  aspect  during  digestion.  L3rmph  is 
blood  without  its  cells.  Chyle  is  l3rmph  with  the  addition 
of  fat,  and  perhaps  also  the  addition  of  some  other  pro- 
ducts of  digestion.  Lymph  contains  albumen,  fibrine,* 
fat,  salts,  and  extractive  matters,  like  the  blood  :  and, 
like  the  blood,  it  coagulates  at  certain  temperature& 
The  chief  differences  between  lymph  and  blood  are 
the  absence  of  the  cells,  and  the  presence  of  a  greater 

*  ViBCHOW  considers  the  fibrine  of  the  Lymph  to  be  dififerent  from 
that  of  the  Blood.  It  is  certainly  less  easily  coagulated.  We  may, 
perhaps,  assume  it  to  be  an  early  form  of  blood-fibrine. 

2b 
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proportioii  of  water.  By  absorbing  its  water,  lymph 
leaves  the  plasma  bathing  the  tissues  in  a  more  con- 
centrated state.  Lymph  is  one  of  the  streams  which 
set  towards  the  heart,  and  join  the  venons  current 

The  discovery  of  the  Lymphatics  is  due  to  Aselli, 
Pecquet,  Rudbeck,  and  Bartholin.  Anatomists  taught 
that  there  were  three  kinds  of  vessels  in  the  body :  the 
veins,  which  carried  blood ;  the  arteries,  which  carried 
spirituous  blood ;  and  the  nerves,  which  carried  "  animal 
spirits."  To  the  surprise  of  all,  the  news  came  that  an 
Italian  anatomist,  Aselli,  had  discovered  a  fourth  kind, 
which  carried  the  chyle.  This  discovery  was  announced 
in  1622 — three  years  after  Harvey  iSrst  announced  his 
discovery,  but  six  years  before  his  book  was  published 

Aselli  was  dissecting  a  dog,  and,  to  his  surprise,  on 
opening  the  abdomen  he  saw  a  network  of  delicate 
white  vessels.  What  could  they  be  ?  Did  they  con- 
tain the  chyle  ?  He  pricked  one,  and,  in  a  transport 
of  delight,  exclaimed  Eureka!  as  he  saw  a  milky  fluid 
flowing  out.  But  on  opening  another  dog,  he  was 
greatly  discouraged,  for  there  was  not  a  vessel  of  the 
kind  to  be  seen.  Had  he  been  decehred  ?  Was  his 
joy  premature  ?  Li  this  perplexity  it  occurred  to  him 
that  the  first  dog  had  been  fed  a  little  while  before 
it  was  opened  ;  whereas  the  second  dog  was  fasting. 
With  the  insight  of  genius,  Aselli  detected  here  the 
clue  which  might  lead  him  to  the  truth.  He  fed 
another  dog ;  four  hours  afterwards  he  opened  it,  and 
had  the  intense  satisfaction  of  once  more  seeing  the 
milky  vessels. 
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But  althongh  Aselli  made  Europe  aware  of  a  new 
system  of  vessels,  which  he  named  Lacteals,  he  failed 
to  trace  their  issue.  He  thought  they  conducted  the 
chyle  to  the  liver. 

In  1648,  a  French  anatomist,  Pecquet,  distrusting 
the  conclusions  of  that  "mute  and  frigid  science/'  as 
he  calls  the  dissection  of  dead  bodies,  determined  to 
seek  the  truth  in  the  living  organism,  and  began  a 
series  of  vivisections.  He  was  rewarded  by  the  dis- 
covery  of  the  course  taken  by  the  chyle  in  the  lacteals, 
as  it  passes  into  the  Beservoir,  still  named  after  bim, 
and  along  the  Thoracic  Duct,  to  be  poured  into  the 
subclavian  vein,  and  thence,  mingled  with  the  blood, 
into  the  heart. 

In  1650,  Budbeck,  a  young  Swede,  discovered  the 
lymphatics  in  the  liver,  and  their  connection  with  the 
reservoir  of  the  chyle. 

In  1652,  Bartholin,  another  Frenchman,  completed 
this  discovery  by  finding  the  lymphatics  in  the  viscera 
and  limbs,  and  by  tracing  them  into  a  common  trunk. 

These  discoveries,  following  in  such  quick  succession, 
greatly  disturbed  the  equanimity  of  the  Faculty,  whose 
members  swore  by  Oalen,  and  could  not  tolerate  the 
idea  of  the  ancients  being  supposed  to  have  overlooked 
anything.  "  Un  chacun  invente  k  present ! — ^Every- 
body must  needs  be  a  discoverer  nowadays,"  was  the 
indignant  sarcasm  of  Biolan,  the  most  renowned 
teacher  of  that  day — the  only  adversary  whom  Harvey 
condescended  to  answer,  and  of  whom  he  stood  in  such 
awe,  that,  even  when  answering  his  attacks,  he  declares 
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the  book  which  contains  those  attacks  ''will  live  for 
ever,  and  when  marble  shall  have  mouldered,  will  pro- 
claim to  posterity  the  gloiy  which  belongs  to  your 
name."* 

Harvey  knew  indeed  of  the  existence  of  the  lacteals, 
and  says  that  he  had  observed  them  before  Aselli 
published  his  book.  But  he  denied  that  they  contained 
the  chyle,  and  he  is  twitted  by  Biolan  for  his  disbelief 
In  consequence  of  this,  a  tradition  has  come  down,  that 
Harvey  showed  the  same  spirit  of  opposition  towards 
the  novelties  of  others,  as  was  shown  by  others  towards 
the  novelties  he  advocated ;  but  this  is  a  mistake.  If 
the  reader  will  turn  to  Harvey's  letter  to  Dr  Morison 
of  Paris,  he  will  see  a  very  circumstantial  and  tem- 
perate exposition  of  the  objections  which  Harvey  felt 
against  the  notion  of  the  lacteals  conveying  the  chyle  : 
many  of  these  objections  are  of  great  force,  and  still 
remain  unshaken.  His  chief  error  is  in  supposing 
that  the  fluid  in  the  lacteals  is  milk  But  he  insists 
very  properly  that  it  should  be  demonstrated  that  this 
fluid  is  really  chyle  brought  from  the  intestines,  and 
that  it  supplies  nourishment  to  the  whole  body ;  "  for 
unless  we  are  agreed  upon  this  point,  all  discussion  is 
vain."  Subsequent  investigations  have  cleared  up 
what  was  obscure,  and  have  shown  that  the  lacteals 
convey  lymph  mingled  with  fat,  and  that  the  lymph- 
atics convey  whatever  they  can  absorb  from  the  tissues, 
in  which  they  are  imbedded  like  the  roots  of  a  tree  in 
the  earth.     The  lacteal  and  lymphatic  streams  are  con- 

*  ExerciL.  dt  Circul.  ad  Riolanum,  1649  ;  last  paragraph. 
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fluent  with  the  great  venous  streams,  and  thus  form 
parts  of  the  circulation. 

It  may  now  be  convenient  to  state  in  a  few  brief 
sentences  the  results  of  all  these  discoveries,  and  the 
coui'se  taken  by  the  circulation.  For  this  purpose,  let 
us  cast  a  glance  at  the  disposition  of  the  organs  repre- 
sented in  figure  15,  on  the  following  paga 

The  Food  having  become  chyle  in  the  intestines,  is 
from  them  carried  to  the  heart  by  these  two  courses  : 

1**.  The  system  of  ported  veins  (Vp)  which  conduct 
the  chief  mass  to  the  liver ;  from  the  liver,  the  chyle, 
now  become  Blood,  passes  along  by  the  inferior  vena 
cava  to  the  right  auricle  of  the  heart  (h). 

2°.  The  system  of  Lacteals  (Fi),  which  conduct  the 
fluid  through  the  mass  of  mesenteric  ganglia,  m  (not 
to  be  confounded  with  nervous  ganglia),  to  the  Eeser- 
voir  of  Pecquet  (8)  along  the  thoracic  duct  (t,t), 
whence  it  is  poured  into  the  subclavian  vein,  and  there 
mingling  with  the  venous  blood,  it  is  afterwards  carried 
to  the  heart  and  through  the  lungs  to  be  arterialised. 

Thus  the  Food  reaches  the  heart  as  Blood.  F^o^l 
the  heart  it  takes  the  course  already  described. 

The  arteries*cany  the  blood  to  all  parts  of  the  body 
by  a  system  of  subdividing  branches,  the  twigs  of 
which  are  Capillaries.  Through  the  walls  of  these 
capillaries  some  of  the  elements  of  the  blood  pass  to 
flourish  the  tissues. 

The  Capillaries  are  continuations  of  the  arteries,  and 
the  veins  are  continuations  of  the  capillaries  (or  more 
correctly  speaking,  the   capillaries  are  intermediate 
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vessels  uniting  these  two).  Into  the  veins  that  por- 
tion of  the  blood  enters  which  has  lost  its  arterial  cha- 
racter in  the  passage  through  the  capillaries.  Into 
the  veins  also  the  Lymphatics  pour  their  fluid,  which 
is  partly  the  unused  plasma  of  the  blood  absorbed 
from  the  tissues,  and  partly  the  products  of  waste  in 
the  tissuea  When  tha  Lymphatics  arise  from  the 
intestines  they  are  called  Ldcteals,  or  chyliferous 
vessels,  and  cany  some  portions  of  the  digested  food, 
as  well  as  lympL  This  compound  of  altered  blood,  un- 
used plasma^  wasted  tissue,  and  food,  forms  venous 
blood,  and  is  carried  by  the  innumerable  veins,  ramify- 
ing all  over  the  body,  to  two  great  venous  trunks,  the 
vencB  cavcB,  inferior  and  superior  {Vo  and  Fc'),  which 
pour  the  whole  mass  into  the  right  auricle  of  the  heart 

9.  Harvey's  Glaims. — From  the  preceding  exposi- 
tion of  the  march  of  discoveries,  it  is  dear  that  Harvey 
did  not  discover  all  that  we  mean  by  the  circulation  of 
the  blood ;  but  he  discovered  the  great  fact,  that  the 
blood  does  circulate,  propelled  from  the  heart  along 
the  arteries,  and  back  to  the  heart  and  lungs  through 
the  veina 

Having  thus  shown  that  he  did  not  discover  the 
whole  cowrae  of  the  circulation,  we  have  now  to  show 
that  he  did  not  discover  its  whole  cause.  Before  doing 
so,  it  will  be  interesting  to  remark,  that  in  one  impor- 
tant respect  he  was  behind  Servetus,  for  he  thought 
that  the  blood  returned  to  the  heart,  as  to  a  fountain, 
there  to  receive  the  additions  necessary  to  its  perfec- 
tion—  tanqaam  ad  fontem  sive  ad  lares  corporis, 
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perfectionis  recvperandce  causa  reverti,  Servetus 
correctly  stated  that  it  was  in  the  limgs^  and  not  in 
the  heart,  that  this  perfection  was  attained.  Instead 
of  perceiving  that  arterial  blood  acquired  its  bright 
colour  by  its  exposure  to  the  air.  Harvey  maintained 
that  this  colour  was  owing  to  the  lighter  part  being 
*' strained''  from  the  heavier  in  its  passage  through 
minute  openings.  ''  In  blood-letting,  when  the  blood 
forcibly  escapes  to  a  distance  in  a  full  stream,  it  is 
thicker  and  darker ;  but  when  flowing  from  a  small 
orifice  drop  by  drop,  it  is  brighter  because  it  is  then 
strained,  and  the  thinner  portion  alone  escapea"  We 
know  that  the  difference  is  owing  to  a  more  perfect 
exposure  of  the  whole  mass  to  the  air  when  it  issues 
slowly  in  drops,  and  that  is  why  the  blood  is  then  of 
a  brighter  hua  Harvey,  having  no  suspicion  of  this 
atmospheric  influence,  is  driven  to  ingenious  devices 
to  explain  the  change  of  colour.  "  In  the  lungs,''  he 
says,  "it  is  more  florid  than  in  the  arteries,  because  it 
is  strained  through  the  pulmonary  tissue."  His  notion 
of  the  office  of  the  lungs  was,  that  they  served  to  cool 
the  blood,  "  and  prevent  it  from  boiling  up." 

ir.  Cause  op  the  Cieculation. — ^What  is  it  which 
causes  the  blood  to  circulate  ?  "  The  heart,"  answers  an 
unhesitating  reader.  That  the  heart  pumps  blood  in- 
cessantly into  the  arteries,  and  that  this  pumping  must 
drive  the  stream  onwards  with  great  force,  there  is  no 
doubt ;  but  although  the  most  powerful  agent  in  the 
circulation,  the  heart  is  not  the  sole  agent ;  and  the 
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more  we  study  this  difficult  qnestion,  the  more  our 
doubts  gather  round  the  explanation. 

1.  Cirddation  in  the  absence  of  a  Heart, — Let  a 
few  of  the  difficulties  be  stated.  There  have  been 
cases  of  men  and  animals  bom  without  a  heart ;  these 
"acardiac  monsters"  did  not  live,  indeed  could  not 
live  ;  but  they  had  grown  and  developed  in  the  womb, 
and  consequently  their  blood  must  have  circulated. 
In  most  of  these  cases  there  has  been  a  twin  embryo, 
which  was  perfect ;  and  the  circulation  in  both  was 
formerly  attributed  to  the  heart  of  the  one  ;  but  it  has 
been  fully  established  that  this  is  not  the  case.  Fur- 
ther, Dr  Carpenter  reminds  us  that  "  it  has  occasion- 
ally been  noticed  that  a  degeneration  in  the  structure 
of  the  heart  has  taken  place,  during  life,  to  such  an 
extent  that  scarcely  any  muscular  tissue  could  at  last 
be  detected  in  it,  but  without  any  such  interruption  to 
the  circulation  as  must  have  been  anticipated  if  this 
organ  furnishes  the  sole  impelling  force."*  On  the 
other  hand,  an  influence  acting  on  the  capillaries  will 
give  a  complete  check  to  the  action  of  the  heart 
although  that  organ  is  itself  perfectly  healthy  and 
vigorous. 

Professor  Draper  conceives  that  circulation  in  the 
liver  is  peculiar,  since  a  complete  circuit  is  there 
performed  by  the  blood,  yet  no  heart,  or  pulsating 
oi^n,  is  found  in  that  circle ;  the  small  vessels 
which  belong  to  the  intestine  converge  into  a  large 
trunk,   and  this  portal  vein  on    entering  the  liver 

*  Human  Phytiology,  p.  249. 
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ramifiea  over  it  in  the  mannei  of  an  art«ry— that  is 

Fig.  le.  to    say,     it     branches    and 

branches  into  the  minutest 

a  subdivisions,  and  terminates 
in  capillaries;  these  once 
more  converge  into  venous 
trunks,  and  carry  the  altered 

8  blood  from  the  liver.  Here 
is  a  complete  circle,  analogous 
to  that  larger  circle  which 
traverses  the  whole  body. 
But  this  circuhition  is  depend- 
ent on  the  primary  impulsion 
»  given    by    the    heart ;    and 

Prof.  Draper  would  have  to 
show  that  without  the  heart 
B  the  circuit  would  still  be  per- 

fonned,  before  he  could  claim 
the  liver  as  an  illustration  of 
his  views.  He  also  refers  to 
the  circulation  in  the  fish. 

The  fish  has  a  heart,  but 
that  heart  only  drives  the 
blood  into  the  gills ;  it  does 
not  suffice  for  the  rest  of  the 
body — it  is  a  pulmonary,  not 

CncmtioH  m  tniFiBii.  ...  .      ™n.-        -n  i 

]  AuricWi  I.  vinirtcnj  3.  a systemic hcaft.  Iniswulbe 
^i^^B.'"viUJl.  Sf^Stlti^  understood  by  reference  to  the 
Rid'nn ;  B.  "vhi^v!  ;  B.  in^      foUowinfir  fiimre,  which  repre- 

tMtlnai   10,  Portal  Tela.;    11.  "     "  .         ^  i. 

Lui*  rmmi  sidul  ggntg  the  ciTculation  in  a  fish. 
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The  blood,  propelled  from  the  auricle  into  the  'ven- 
tricle, is  aerated  in  the  capillaries  of  the  gills,  and  de- 
scends through  them  into  the  aorta,  not  into  the  heart ; 
and  from  the  aorta  it  passes  to  the  rest  of  the  body, 
from  whence  it  returns  through  veins  to  the  heart 

Thus  we  perceive  that  in  the  fish,  although  the 
blood  performs  a  complete 
circuit,  it  only  once  enters 
the  heart ;  whereas  in  the 
mammal  it  twice  enters 
the  heart,  going  to  and 
returning  from  the  lungs. 
The  following  theoretic  dia- 
gram (copied  from  Milne- 
Edwards  like  the  preced- 
ing) may  assist  the  reader 
in  formingadistinct  concep- 
tion of  the  fish  circulation. 

This  diagram  should  be 
compared  with  that  at  p. 
293,  in  Older  to  detect  the 
important  differences  be- 
tween the  circulation  in  the 
fish  and  the  mammal 

It  is  possible  to  meet  these  difficulties,  but  the  ob- 
jections to  the  Harveyan  doctrine  do  not  end  here.  The 
heart  may  be  removed  in  cold-blooded  animals,  and  the 
capillary  circulation  will  continue  for  some  time,  in 
spite  of  that  removal.  This  has  been  observed  more 
than  once ;  and  although  I  had  myself  observed  it  some 


Diagram  or  Cibcclation 
IN  THB  Fish. 

Anrlcto:  3.  Ventricle;  3.  Veiiele 
of  the  gills  passing  into  arteries ; 
4.  Arterial  system  passing  at  5  and 
6  into  the  venous. 
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time  ago,  yet,  in  preparing  these  pages  for  publication, 
I  again  investigated  the  point ;  and  for  this  purpose 
removed  the  heart  of  a  Triton,  with  as  much  care  as 
possible,  and  found  the  circulation  going  on  in  the 
tail  for  some  minutes  afterwards  ;  nor  did  it  entirely 
cease  on  separating  the  tail  from  the  body  * 

While  the  fact  was  thus  indubitable,  I  had  many 
doubts  as  to  the  cause.  But  the  fact  is  enough  for  our 
present  purpose;  and  that  it  is  also  true  of  warm- 
blooded animals  may  be  inferred,  since  after  death 
various  processes  of  secretion,  and  some  even  of 
growth  (as  of  hair,  beard,  &a),  are  known  to  take 
place ;  and  this  seems  to  imply  capillary  circulation. 
"  After  most  kinds  of  death,''  says  Dr  Carpenter,  "  the 
arterial  system  is  found,  subsequently  to  the  lapse  of  a 
few  hours,  almost  or  completely  emptied  of  blood ;  this 
is  partly,  no  doubt,  the  effect  of  the  tonic  contraction 
of  the  tubes  themselves;  but  the  emptying  is  com- 
monly more  complete  than  could  thus  be  accounted 
for,  and  must  therefore  be  partly  due  to  the  continu- 

*  A  curious  &ct  connected  with  this  ioTestigation  may  here  find  a 
place.  Having  some  doubts  as  to  the  cause  of  the  continued  circula- 
tion, I  proceeded  to  repeat  the  experiment  with  another  Triton ;  but 
no  sooner  was  the  thorax  opened  than  I  was  seised  with  a  sudden  gid- 
diness and  faintness,  which  caused  me  instantly  to  throw  open  the  win- 
dow, and  breathe  energetically  for  some  minutes ;  and,  of  course,  to 
give  over  the  experiment.  I  should  have  £Eiinted  away,  had  not  the 
remembrance  of  a  passage  in  Mr  Buckland*B  Curion^tes  ofNaturat 
HUtory  warned  me  of  the  danger.  He  describes  a  similar  effect  as 
having  arisen  during  his  dissection  of  a  Triton  recently  dead.  Another 
note-worthy  circumstance  is,  that  the  effect  is  by  no  means  constant. 
I  have  dissected  scores  of  Tritons,  but  this  was  the  only  occasion  on 
which  any  effect  was  perceptible. 
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ance  of  the  capiUary  circulation.  It  has  been  observed 
by  Dr  Bennet  Dowler,  that  in  the  bodies  of  individuals 
who  have  died  from  yellow  fever,  the  external  veins 
frequently  become  so  distended  with  blood,  within  a 
few  minutes  after  the  cessation  of  the  heart's  action, 
that  when  they  are  opened  the  blood  flows  in  a  good 
stream,  being  sometimes  projected  to  the  distance  of  a 
foot  or  mora  It  is  not  conceivable  that  the  slowly- 
acting  tonicity  of  the  arteries  could  have  produced  such 
a  result  as  this ;  which  can  scarcely  therefore  be  attri- 
buted to  anything  else  than  the  sustenance  of  the  ca- 
pillary circulation  by  forces  generated  within  itself" 

2.  Rapidity  of  the  Circulation^ — ^Those  who  have 
never  watched  with  attention  the  circulation  in  the 
capillaries,  may  perhaps  imagine  that  the  mere  force 
of  the  heart  which  propels  the  blood  into  the  gills, 
will  sufSce  to  propel  it  also  through  the  general 
circuit.  They  wiU  see  the  heart  of  the  fish  beating 
vigorously,  and  will  imagine  these  pulsations  suffice. 
But  this  will  no  longer  seem  so  plausible,  if  we  place 
the  tail  of  a  tadpole,  or  the  foot  of  a  frog,  under  the 
microscope,  and  delight  ourselves  with  the  wondrous 
spectacle.  We  shall  immediately  perceive  that  the 
blood  flows  with  far  greater  rapidity  in  the  arteries 
than  in  the  capillaries ;  we  shall  note  that,  although 
the  heart  continues  its  vigorous  pulsations^  and  the 
blood  in  the  arteries  advances  in  regular  leaps,  the 
currents  in  the  capillaries  are  veiy  irregular,  some- 
times momently  arrested,  and  even  reversed.  Instead 
of  the  leaping  rush,  we  perceive  an  unsteady  flow, 
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which  is  never  at  any  time  equal  in  rapidity  to  the 
flow  in  the  arteriea 

This  slackening  of  the  capillaiy  current  is  held  to 
be  an  important  point  in  the  present  discussion.  Al- 
though precise  estimates  are  excessively  difficult  in 
such  cases,  we  need  accept  the  estimates  yet  made  as 
only  approaching  the  truth,  and  the  argument  is 
equally  fortified  by  them,  for  the  difference  in  the 
rate  is  enormous :  in  the  main  arteries  the  blood 
rushes  at  the  rate  of  a  foot  per  second;  in  the  capil- 
laries only  an  inch  per  mvnute.* 

What  does  that  indicate  ?  It  indicates  that,  when 
the  heart  has  driven  the  blood  along  the  arteries  at  a 
rapid  rate,  there  is  a  considerable  retardcUion  occur- 
ring in  the  capillaries,  which  must  call  for  some  new 
force  to  restore  the  rate."|- 

Not  further  to  multiply  examples,  we  may  take  our 
stand  on  these,  and  pronounce  the  Harveyan  doctrine 
to  be  incomplete,  since  it  fails  altogether  to  account  for 
many  important  phenomena    Whatever  influence  the 

*  This  is  Valontiii  and  Weber^B  estimate.  Draper  makes  the  rate  in 
the  capiUaries  an  inch  in  three  minutes,  which  would  imply  that  the 
arterial  current  was  2160  times  more  rapid  than  the  capillary  current. 

f  The  force  of  this  argument  is  destroyed  by  the  remark  of  a  friend  of 
mine,  that  the  slackening  of  the  capillary  current  may  be  explained  on 
the  principle  of  Hydraulics,  that  "  if  in  any  part  of  a  closed  current  the 
sectional  area  of  the  current  is  increased,  the  velocity  is  diminished.** 
Where  a  river  widens,  its  velocity  slackens,  and  is  recovered  again  where 
it  narrows.  The  total  sectional  area  of  the  capillaries  being  much 
greater  than  that  of  the  arteries  supplying  them,  there  is  no  need  of  any 
other  cause  to  explain  the  retardation  and  recovery  of  thevelocity.  This 
objection  destroys  the  force  of  the  argument  derived  from  the  retarda* 
tion  in  the  capillaries,  but  it  does  not  touch  the  other  arguments. 
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action  of  the  heart  may  exert^  it  is  not  the  sole  cause 
of  the  circulation^  but  only  one  of  the  causes  But 
before  attemptillg  to  assign  the  other  causes,  let  us  see 
the  part  actually  assignable  to  the  heart. 

3.  The  Motions  of  the  Heart. — ^The  motions  of  the 
heart  consist  in  the  alternate  contractions  and  relaxa- 
tions of  its  muscular  walls.  The  process  is  this :  The 
two  antechambers  (auricles)  suddenly  contract ;  imme- 
diately afterwards,  biit  while  the  auricles  are  still  con- 
tracted, the  two  chambers  (ventricles)  also  contract, 
having  been  powerfully  expanded  by  the  rush  of  blood 
from  the  auricles.  This  contraction  is  named  the  systole 
of  the  heart.  It  continues  for  a  moment,  and  is  fol- 
lowed by  a  relaxation  of  the  two  auricles,  which  is 
immediately  succeeded  by  the  relaxation  of  the  two 
ventriclea     This  relaxation  is  named  the  diastole* 

During  each  beat,  two  sounds  may  be  heard ;  one 
dull,  which  may  be  imitated  by  pronouncing  the  word 
Itihb ;  the  other,  quickly  succeeding  it,  has  a  sharper 
sound,  like  dup.  The  former  sound  is  supposed  to  be 
due  to  the  contraction  of  the  muscular  fibres  of  the 
ventricles,  and  the  thump  of  the  heart  against  the 
chest ;  aided,  no  doubt,  by  the  rush  of  blood  and  the 
closing  of  the  valves.  The  latter  sound  is  caused  by 
the  shutting  of  the  semilunar  valves  of  the  aorta  and 
pulmonary  artery. 

*  Although  Harrey  descrihes  the  proceflB  correctly,  Haller,  and, 
until  quite  recently,  all  succeeding  writers,  described  the  contraction 
of  the  auricles  as  coincident  with  the  relaxation  of  the  ventricles. 
The  movement  is  really  wave-like,  and  the  contraction  passes  on  from 
one  cavity  to  another  before  the  relaxation  supervenes. 


330 


CIRCULATION  OF   THE  BLOOD. 


4  The  Pulse, — ^The  number  of  pnlsations  varies 
greatly,  not  only  between  different  sexes  and  different 
individuals,  but  at  different  ages  and  conditions  of  the 
same  person.  The  following  table  shows  the  average 
at  several  epochs  : — 

Beats  per  Minnte. 

In  the  foatus  in  utero,  .  .  150  to  150 

Newly-born  infant,       .  .  130  „  140 

During  the  1st  year,     .  .  115  „  130 

During  the  2d  year,      .  .  100  „  115 

During  the  3d  year,     .  .  95  „  105 

.     From  the  7th  to  14th  year,  .  80  „  90 

From  the  14th  to  21st  year,  .  75  „  85 

From  21st  to  60th  year,  .  70  „  75 

Old  age,      .         .         .  .  75  „  80 

These  figures  open  a  wide  field  for  speculation,  espe- 
cially when  coupled  with  the  differences  noticed  between 
the  sexes,  the  female  having  greatly  the  superiority 
over  the  male  in  respect  of  frequency,  her  pulse  beating 
from  ten  to  fourteen  times  a  minute  beyond  that  of 
man.  It  must  be  remembered,  however,  that  a  quick 
pulse  and  a  strong  pulse  are  very  different  things.  The 
rate  of  the  pulse  varies  at  different  periods  of  the  day, 
graduaUy  liniahing  from  morning  to  night,  and 
notably  declining  during  sleep.  It  is  quickened  during 
exercise  and  digestion.  It  is  slower  when  we  lie  down 
than  when  we  sit,  slower  when  we  sit  than  when  we 
stand.* 

*  A  valuable  coUection  of  details  respecting  the  fi'equexioy  of  the 
pulse  will  be  found  in  Milke-Edwards  :  Lepont,  iv.  66  et  teq, ;  and 
Bernard  :  lAquides  de  tOrganivnu^  i.  221. 
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5.  Cause  of  the  Pulse, — ^What  ia  it  causes  the  beat- 
ing of  the  heart  ?  Haller  and  his  school  attributed  it 
to  the  irritability  of  the  muscular  waUs,  which  are 
stimulated  by  the  presence  of  the  blood.  There  is  this 
fiEu^t  in  favour  of  such  an  hypothesis,  namely,  that  after 
the  heart  has  ceased  to  beat,  and  its  irritability  is  ex- 
tinct, a  little  arterial  blood  injected  into  it  will  cause  it 
instantly  to  resume  its  pulsations.  This,  however,  is 
met  by  another  fact,  that  the  heart  continues  to  beat 
long  after  it  is  empty  of  all  blood. 

Nor  is  the  common  statement  correct,  that  the 
heart  retains  its  irritability  longer  than  any  other 
muscle;  I  have  found  the  tail  and  lower  extremi- 
ties of  a  Triton  preserving  their  irritability,  and,  indeed, 
almost  all  their  vital  properties,  several  hours  after  the 
heart  had  ceased  to  beat :  and  Budge  found  the  ampu- 
tated leg  of  a  Frog  retain  its  irritability  as  long  as 
the  heart* 

Not,  therefore,  by  the  possession  of  any  greater 
irritability  is  the  heart  distinguished  from  other  organs, 
but  by  the  possession  of  a  power  of  spontaneous  con- 
traction, such  as  they  do  not  manifest.  Other  muscles 
will  contract  if  some  stimulus  be  applied,  but  they 
remain  quiet  so  long  as  they  are  undisturbed.  The 
heart  does  not  remain  quiet  Remove  it  from  the 
body,  and  you  will  see  its  rhythmic  pulsations  con- 
tinuing almost  as  if  it  were  within  a  living  breast.  Cut 
it  lengthwise  into  two  halves,  and  each  half  wUl  con- 

*  BoNDEBS :  PhyiiUogie  der  MenteheHf  i.  49. 

2c 
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tinne  beating.*  Cat  it  across^  through  both  amides 
and  yentricleSy  and  both  sections  ^riU  beat  as  before. 

This  is  one  of  the  spectacles  that  assail  the  mind 
of  the  anatomist  with  somewhat  of  a  tremulous  awe. 
The  beating  of  the  heart,  which  from  his  childhood  he 
has  learned  to  associate  in  some  mysterious  manner 
with  life  and  emotion,  he  here  sees  occurring  xmder 
circumstances  removed  from  all  possible  suggestions  of 
emotion  or  life  What  mean  those  throbbings  ?  They 
are  not  the  equable  movements  of  Life  ;  they  are  not 
the  agitations  of  terror ;  they  are  not  the  impulses 
of  instinct.  Dead  and  destroyed  is  the  wondrous 
mechanism  of  which  this  heart  but  lately  formed 
the  mainspring;  and  yet,  beside  the  inert  body  lies 
this  beatiBg  organ,  as  if  in  the  expiring  agonies  of 
Struggle 

Why  is  this?  For  many  years  no  explanation 
could  be  given.  We  now  know  that  in  the  sub- 
stance of  the  heart  there  is  a  complete  little  nervous 
system,  consisting  of  ganglia  and  nerves.-|*  This 
system  is  not  made  up  of  the  nerve-filaments  which 
come  from  the  pneumogastric  nerve.  It  is  a  system 
belonging  to  the  heart.  Ganglia  are  to  be  found  at  the 
base  of  the  auricles  and  ventriclea  The  auricular 
septum  of  the  frog's  heart  is  the  best  place  in  which 
to  study  these  ganglia,  because  its  transparence  permits 
microscopic   investigation,  without  any  preparation, 

*  Hairey  waa  acquamted  with  this  fact. 

t  In  Chapter  VIII.  the  reader  will  learn  what  is  meant  by  ganglia ; 
fbr  the  present  it  is  enough  to  say  they  are  the  nerye-eentres. 
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which  might  alter  the  natural  disposition  of  the  parta* 
In  mammals  the  ganglia  may  be  found  on  the  surface 
of  the  auricles ;  and  according  to  Bemak,  who  may  be 
considered  the  discoyerer  of  this  ganglionic  system,-|- 
they  are  also  on  the  surface  of  the  yentrides.  Todd 
and  Bowman,  I  however,  declare  they  could  not  find 
them  in  the  ventricle  of  the  calf.  I  was  equally  unable 
to  find  them  in  that  of  a  pig,  a  mole,  a  mouse,  a  cat, 
and  a  kitten ;  and  Eckhard§  saw  fibres,  but  no  ganglia, 
in  the  septum  of  the  tortoise.  It  is  probable,  therefore, 
that  there  are  considerable  variations  in  the  distribu- 
tion of  these  ganglia ;  but  the  fact  of  their  existence 
is  enough  for  u& 

From  these  ganglia  nerves  are  distributed  through 
the  muscular  substance.  That  it  is  to  this  nervous 
apparatus  we  are  to  ascribe  the  spontaneous  activity  of 

*  Few,  I  think,  who  examine  a  ganglion  thus,  can  resist  the  oon- 
clusion  that  the  fibres  pass  beside  and  round  the  cells,  but  axe  not  all  in 
direct  connection  with  them.  I  never  saw  any  but  "  apolar  cells  "  in 
these  ganglia ;  and  three  very  eminent  anatomists  have  assured  me  that 
they  also  have  fadled  to  detect  a  single  ceU  in  direct  connection  with  a 
fibre.  If  these  negatives  do  not  afifect  the  positive  statement  of  those 
who  say  they  have  seen  such  cells  in  connection  with  fibres,  at  least 
they  establish  the  fistct  that  this  connection  is  by  no  means  necessary. 
For  my  own  part,  attentive  study  of  the  nervous  tissue  in  every  class 
of  the  animal  kingdom,  has  convinced  me  that  the  theoretical  con- 
ception of  cells  being  necessarily  in  direct  connection  with  fibres  is 
untenable. 

f  Bemak  in  MiUler's  Archiv,  1844.— Compare  also  Leb  :  On  ike 
Ganglia  and  Nerves  cfthe  HeaH,  Philos.  Trans.,  1849. 

t  Todd  and  Bowman  :  Physiological  Anatomy,  ii.  842  (where  the 
two  previous  references  are  given). 

§  EcKHABD :  BeitrOge  zw  Anal,  it.  Physiol.,  p.  151. 
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the  heart  is  easily  proved  ;  for  if  any  part  be  severed 
from  all  coimection  with  the  ganglia,  the  pulsations 
cease  at  once  in  that  part ;  but  if  any  part  be  severed 
which  still  retains  a  ganglion,  the  pulsations  will  con- 
tinue. The  movements  during  life  or  death  are  thus 
seen  to  be  due  to  the  ganglia. 

But  why  these  ganglia  retain  their  power  after  the 
circulation  has  been  destroyed,  and  why  a  similar 
power  is  not  observable  in  other  ganglia,  still  remains 
a  problem.  It  seems  certain  that  the  power  is  only 
retained  during  the  continuance  of  those  molecular 
changes  which  we  vaguely  name  vital ;  for  if  the  heart 
be  subjected  to  the  influence  of  foreign  gases,  or  be 
dipped  in  oil,  its  pulsations  suddenly  cease :  on  the 
contrary,  if  arterial  blood  be  injected  long  after  the 
cessation  of  all  movement  (provided  decomposition  has 
not  commenced),  the  contractions  are  resumed.*  It 
has  been  observed  to  beat  in  an  exhausted  air-pump ; 
which  excludes  the  idea  of  the  atmosphere  being  the 
stimulus  that  sets  it  going. 

The  heart  pulsates  in  the  embryo  long  before  it  con- 
tains blood,  and  long  before  any  nerves  have  been 
developed  in  it — ^when,  indeed,  it  is  nothing  but  a  mass 
of  cella  Nor  have  we  any  evidence  of  the  existence 
of  nerves  in  those  pulsatile  sacs  which  constitute  the 
hearts  of  the  simpler  animals :   not  only. is  there  no 

*  Hanrey  says  tbat  one  day,  after  the  heart  of  a  pigeon  had  ceased 
to  boat,  he  placed  his  finj^er  on  it  wetted  with  saliva,  and  in  a  short 
time,  under  the  influence  of  this  '*  fermentation,"  as  he  calls  it,  the 
heart  recovered  its  vigour,  and  both  auricles  and  ventricles  pulsated. 
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eyidence  of  such  a  structure,  but  all  the  evidence  is 
decidedly  against  our  supposing  that  these  pulsatile 
sacs  derive  their  contractions  from  nervous  influence. 

Here  the  reader  probably  thinks  he  sees  a  flagrant 
contradiction  in  our  statementa  We  first  do  our 
utmost  to  show  that  the  heart  contracts  only  under 
nervous  agency,  and  we  then  quietly  assert  that  the 
embryonic  heart,  no  less  than  the  heart  of  various 
animals,  is  under  no  such  agency  whatever,  yet  it  pul- 
sates  with  a  vigour  not  to  be  gainsaid. 

But  the  contradiction  is  only  apparent.  The  student 
of  Physiology  must  expect  to  meet  with  such  at  every 
stage  of  inquiry.  Extending  his  investigations  into 
the  vast  field  of  animal  life,  he  will  gradually  learn  that 
Contractility  is  one  of  the  vital  properties  of  tissue, 
which  may  be  excited  by  various  stimuE  We  happen 
to  know  with  tolerable  certainty,  that,  in  the  heart  of 
the  complex  animal,  the  stimulus  acts  through  the 
agency  of  a  nervous  system  *  in  the  embryonic  heart 
of  that  animal,  or  in  the  permanent  heart  of  simpler 
animals,  we  do  not  know  the  agency  by  which  the 
stimulus  is  conveyed,  nor  do  we  know  what  the 
stimulus  is. 

Before  quitting  this  beating  heart,  we  may  remark, 
that  while  on  the  one  hand  the  pulsations  are  not  in 
themselves  evidence  of  life,  on  the  other  hand  their 
cessation  is  no  evidence  of  death,  but  only  one  among 
the  many  signs  of  death. 

When  death  follows  on  a  long  or  painful  illness, 
the  irritability  of  the  heart  vanishes  almost  with  the 
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vanishing  breath ;  but  if  the  decease  be  sudden,  the 
heart  will  continue  beating  for  some  time  afterwards. 
Harless  observed  it  beating  in  the  body  of  a  decapi- 
tated murderer  one  hour  after  the  executioa  Margo 
found  the  right  auricle  beating  two  hours  and  a  half 
after  the  execution,  although  not  a  trace  of  irritability 
could  be  detected  in  the  other  parts  of  the  heart. 
Dietrich,  Gerlach,  and  Herz,  found  that  both  ventricles 
contracted,  if  one  were  irritated,  forty  minutes  after 
deatL*  Remak  observed  the  rhythmic  contractions 
in  the  hearts  of  birds  and  mammals  two  days  after 
death ;  and  Em.  Eousseau  mentions  that  a  woman's 
heart  had  these  rhythmic  movements  seven-and-twenty 
hours  after  she  had  been  guillotined. 

It  is  not  always,  indeed,  that  the  pulsations  cease 
even  when  the  death  has  been  gradual  Vesalius  had 
a  terrible  experience  of  it.  That  great  anatomist, 
who  had  nobly  braved  so  much  odium  because  he 
would  not,  as  his  predecessors  had  done,  cQntent  him- 
self with  the  dissection  of  animals,  but  suffered  his 
scalpel  to  traverse  the  complexities  of  the  human  frame, 
one  day  opened  the  body  of  a  young  nobleman,  whose 
medical  attendant  he  had  been,  to  ascertain,  if  possible, 
the  cause  of  his  deatL  Imagine  the  horror  which  ran 
through  all  present  at  the  sight  of  the  heart  still 
equably  beating!  Vesalius  was  accused  of  having 
dissected  a  live  man ;  nor  was  the  accusation  unrea- 
sonable in  those  days.  He  had  to  appear  before  the 
Inquisition,  and  narrowly  he  escaped  with  his  life.    A 

*  D0NDBR8 :  PhyMoffU,  i.  49. 
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pilgrimage  to  the  Holy  Land  was  his  pnmshment ;  but 
he  never  outUved  the  scandal  created  by  this  nnfor- 
tnnate  occnrrenca 

6.  Action  of  the  Arteries. — ^Having  made  onrsdves 
acquainted  with  the  action  of  the  heart,  let  us  now 
inquire  into  its  influence  on  the  circulation.  Every 
time  the  blood  is  pumped  into  the  arteries  a  pressure 
is  exerted,  the  force  of  which  is  estimated  at  thirteen 
potmds.  This  pressure,  being  on  a  column  of  liquid,  it 
will,  by  the  known  laws  of  hydrostatics,  not  only  drive 
that  liquid  onwards,  but  will  also  cause  a  great  lateral 
pressure,  and  thus  distend  the  arterial  tubes.  These 
tubes  are  eminently  elastic,  owing  to  the  elastic  tissue 
of  their  outer  walls.  They  are  also  eminently  con- 
tractile, owing  to  the  muscular  tissue  of  their  inner 
walls.  The  elasticity  is  a  physical  property,  and  con- 
tinues after  death.  The  contractility  is  a  vital  pro- 
perty, and  vanishes  with  the  disappearance  of  the 
molecular  changes  of  Nutrition. 

Although  the  arteries  are  elastic  and  contractile 
throughout  their  whole  length,  they  are  so  in  varying 
degrees :  the  elasticity  decreases,  and  the  contractility 
increases,  as  the  vessels  become  smaller  in  calibra 
What  foUows  ?  Why,  that  when  fresh  blood  is  impet- 
uously poured  into  them  from  the  heart,  it  dilates 
them  ;  and  no  sooner  is  the  pressure  taken  off  by  the 
reopening  of  the  ventricles,  than  muscular  contrac- 
tion once  more  restores  the  arteries  to  their  former 
size,  and  in  so  doing  forces  the  column  of  blood  on- 
wards. 


338  CIBOULATION  OF  THE  BLOOD. 

The  heart's  influence  is  thus  decomposed  into  two 
portions :  one,  which  is  of  momentaiy  duration,  lasting 
no  longer  than  the  contraction  of  the  heart ;  another, 
which  is  occupied  in  expanding  the  artery.  This 
second  action  is  not  lost,  because  the  contraction  of 
the  artery  gives  it  back  to  the  blood.  At  each  injec- 
tion of  blood  there  is  a  pulsation.  The  distension  does 
not  occur  at  the  same  instant  in  all  the  arteries ;  those 
nearest  the  heart  yield  first,  and  those  more  distant  a 
little  later.  There  is,  consequentiy,  a  wave  of  disten- 
sion passing  along  the  whole  length  of  the  vessel, 
and  another  wave  of  motion  in  the  blood  itself.  The 
interval  of  wave-motion  from  the  heart  to  the  wrist  is 
only  one-seventh  of  a  second. 

7.  Action  of  the  Capillaries. — ^The  sudden  push 
and  continuous  pressure  which  the  column  of  blood 
thus  receives,  suflSce  to  carry  it  with  great  velocity  to 
the  network  of  capillaries,  which,  be  it  observed,  are 
elastic,  but  not  contractile.  In  them  a  very  noticeable 
change  occurs.  Instead  of  the  rv^ing,  leaping  move- 
ment, which  characterises  the  flow  in  the  arteries,  we 
observe  an  equable  current  of  much  less  velocity :  it 
no  longer  jets  like  a  spring,  it  wanders  like  a  canal 
The  absence  of  contractility  in  the  capillaries  prevents 
their  assisting  in  driving  the  blood  onwards ;  and  when 
we  reflect  that  the  capillary  area  traversed  by  the 
blood  is  five  hundred  times  greater  than  the  arte- 
rial area,  and  further  reflect  that,  after  traversing  the 
capillaries,  the  blood  has  to  pass  through  the  veins  to 
the  heart,  we  shall  understand  why  it  has  been  held 
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that  some  new  force  originates  in  the  capillary  area 
capable  of  effecting  such  a  movement  * 

What  is  that  new  force  which  comes  into  play  when 
the  force  of  the  heart  is  nearly  spent?  A  perfectly 
satis£EMstory  answer  to  this  question  cannot^  perhaps,  be 
given  in  the  present  state  of  science ;  but  we  will  give  the 
hypothesis  recently  revived  by  Professor  Draper.-f  He 
grounds  it  on  a  well-known  physical  law,  namely,  that 
if  two  fluids  communicate  in  a  capillary  tube,  which 
have  different  degrees  of  affinity  for  the  walls  of  that 
tube,  the  fluid  having  the  highest  affinity  for  the  tube 
will  drive  the  other  fluid  before  it  The  two  fluids 
in  the  blood-vessels  are  arterial  and  venous,  and  the 
greater  affinity  of  arterial  blood  fgr  the  tissues  causes 
it  to  drive  the  venous  blood  onwards. 

Professor  Draper  commences  by  applying  this  prin- 
ciple to  the  circulation  of  the  sap  in  the  cells  of  plants. 

''  The  motions  of  the  sap  in  plants  are  clearly  de- 
pendent on  this  principla  Leaving  out  of  considera- 
tion the  minor  movements  which  take  place  for  special 
purposes,  or  at  specific  epochs  in  the  development,  it 
may  be  truly  said  that  the  nutritive  changes  occurring 
in  the  leaf  are  the  primary  cause  ofihe  motion  ;  for 
as  the  ascending  sap  presents  itself  on  the  sky-face  of 
the  leaf,  it  receives  carbon  under  the  influence  of  the 
sunlight  from  the  air,  and  becomes  converted  into  a 

*  UoIetB  we  adopt  the  suggestion  offered  in  the  note  to  p.  828. 

t  Dbapeb  :  BufMOi  Phytioloffy,  1856,  p.  142  et  seq.  The  idea  was 
casually  thrown  out  by  Mulleb,  and  elaborately  aigued  by  Alisov  : 
Outlines  of  Phyt.,  3d  ed.  p.  62  €t  teq.  It  is  restated  by  Dbafeb  with 
great  ingenuity. 
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gummy  glutinous  liquid.  And  just  as  in  the  pores  of 
a  bladder,  or  in  those  of  any  pervious  mineral,  pure 
water  will  drive  out  gum  water,  and  occupy  the  pore, 
so  will  the  ascending  sap  expel  the  gummy  solution 
from  the  capillary  tubes  or  intercellular  spaces  of  the 
leaf  As  fast  as  this  takes  place  the  active  liquid  be- 
comes inactive,  by  itself  changing  into  a  gummy  solu- 
tion, and  the  movement  is  perpetuated  And  this 
ensues  not  only  in  the  leaf,  but  in  eveiy  part  of  the 
plant ;  the  liquid  to  be  changed  presses  upon  that 
which  has  changed,  and  forces  it  onwards" 

The  motion  of  the  blood  depends  on  the  same  prin- 
ciple. The  arterial  blood,  charged  with  oxygen,  passes 
to  all  parts  of  the  body  in  search  of  organic  particles, 
for  which  it  has  affinity.  No  sooner  is  this  affinity 
satisfied,  than  the  blood  becomes  venous,  and  is  pressed 
onwards  by  the  eager  column  behind.  "  In  my  view 
of  this  subject,  it  is  therefore  the  arterialisation  of  the 
blood  in  the  lungs  which  is  the  cause  of  the  circulation. 
I  consider  the  circulation  as  the  consequence  of  respi- 
ration ;  and  though,  in  one  sense,  the  minor  causes  are 
numerous,  each  portion  of  nervous  material,  edch  mus- 
cular fibre,  every  secreting  cell,  working  its  own  way — 
these  subordinate  actions  are  all  referable  to  one  pri- 
mordial act,  and  that  is,  the  exposure  of  the  blood  to 
the  air."  Professor  Draper  then  refers  to  the  fact  that 
whatever  interferes  with  respiration,  interferes  with 
circulation.  If  an  unbreathable  gas  is  thrown  into  the 
cells  of  the  lungs,  the  passage  of  the  blood  is  instantly 
arrested,  and  suffi)cation  occurs.     If  the  access  of  air  be 
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prevented,  as  in  drowning,  in  vain  will  the  heart  throb 
convulsively — ^the  blood  is  not  driven  forward. 

Professor  Draper^s  hypothesis,  then,  is  briefly  this : 
the  arterial  blood  has  an  affinity  for  the  tissues,  which 
canses  it  to  press  forwards  in  the  capillaries ;  and  no 
sooner  is  that  affinity  satisfied,  than  the  blood  becomes 
venous,  and  is  pressed  forward  by  the  advancing  col- 
umn. In  the  lungs,  venous  blood  presses  forward  to 
satisfy  its  affinity  for  the  oxygen  which  is  in  the  air. 
Having  satisfied  this,  and  become  arterial,  it  is  pressed 
on  by  the  advancing  column. 

If  the  reader  will  station  himself  at  the  door  of  a 
theatre,  and  watch  the  column  of  eager  playgoers 
struggling  to  get  to  the  money-takers,  he  will  see  aii 
image  of  the  forces  of  the  circulation.  Each  visitor  is 
amdous  to  put  down  his  half-crown  in  exchange  for  a 
ticket.  No  sooner  has  he  satisfied  that  "  affinity,^  than 
he  finds  himself  pressed  forward  by  the  man  behind 
him,  still  in  a  state  of  unsatisfied  affinity ;  and  so  the 
rush  continues.  An  image  is  not  an  explanation,  but 
it  may  render  an  hypothesis  more  intelligible ;  and 
having  attempted  to  make  Professor  Draper's  hypothe- 
sis intelligible,  we  will  add,  by  way  of  criticism,  that 
it  has  one  serious  defect.  It  rests  on  the  notion  of 
chemical  affinity,  yet  chemical  affinity  acts  only  at 
insensible  distances,  and  here  the  distances  are  sensible. 
That  liquids  should  circulate  in  a  tube,  when  one  of 
them  has  a  greater  affinity  than  the  other  for  the  walls 
of  that  tube,  is  not  evidence  that  the  liquids  will 
circulate  in  a  tube  in  virtue  of  an  affinity  supposed  to 
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exist  between  one  of  them  and  the  tissues  outside  the 
tube,  because  these  tissues,  being  at  sensible  distances, 
cannot  exert  their  affinity.  If  instead  of  "affinity" 
we  substitute  "leakage" — ^if  we  remember  that  the 
action  of  endosmose  is  necessarily  set  up  between  the 
blood  and  the  tissue-plasma,  the  hypothesis  may  be 
more  acceptable. 

Spallanzani,  in  his  celebrated  M^moires  sv/r  la 
Respiration,  relates  that,  when  snails  were  confined  in 
vessels,  and  had  absorbed  all  the  oxygen  from  the  ocm- 
tained  air,  the  movement  of  their  lungs  ceased,  and 
with  it  ceased  all  movement  of  the  heart — the  circula- 
tion was  arrested.  He  had  only  to  remove  the  top  of 
their  shells,  which  could  be  eiSected  without  injury,  and 
the  phenomenon  was  easily  watched.  By  keeping  a 
snail  thus  confined,  at  a  temperature  gradually  dimin- 
ishing, the  gradual  diminution  of  the  respiration  and 
circulation  became  very  evident  When  the  tempera- 
ture fell  to  zero,  the  heart  ceased  to  beat  altogether,  and 
the  blood  was  stagnant  in  the  veins.  In  this  state  of 
suspended  animation  the  animal  was  kept  for  several 
hours ;  but  on  raising  the  temperature,  the  lungs  be- 
gan once  more  to  inflate,  the  heart  to  beat,  the  blood 
to  circulate ;  and,  as  in  the  palace  of  the  Sleeping 
Beauty,  all  was  vivid  activity  where  a  minute  before 
all  was  the  image  of  death. 

"  The  hedge  broke  in,  the  banner  blew, 
The  butler  drank,  the  steward  scrawl'd, 
The  fire  shot  up,  the  martin  flew, 
The  parrot  scream'd,  the  peaoook  squall'd, 
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The  maid  and  page  renewed  their  strife, 
The  palace  banged,  and  buz^d,  and  olackt, 
And  all  the  long-pent  stream  of  life 
Dash'd  downward  in  a  oataraot."  * 

The  same  effect  of  torpor  was  produced  by  the  ab- 
sence of  oxygen  and  the  absence  of  heat.  Spallanzani 
placed  a  snail  in  a  vessel  containing  mephitic  gas.  In 
eleven  minutes  the  heart  was  still,  and  remained  so 
during  five  hours.  On  reintroducing  atmospheric  air 
the  lungs  once  more  began  to  move,  and  life  returned. 
To  prove  that  it  was  the  oxygen  of  the  air,  and 
nothing  else,  which  caused  this  reanimation,  Spallan- 
zani repeated  the  experiment,  substituting  nitrogen  gas 
for  atmospheric  air,  as  the  replacer  of  the  mephitic  gas ; 
but  no  movement  was  visible.  Thus  it  appeared  that 
the  animal  ceased  to  breathe  because  it  had  ceased  to 
absorb  oxygen.  It  ceased  to  absorb  oxygen  under  two 
conditions — ^when  there  was  none  present  in  the  air, 
and  when  the  temperature  was  too  low — ^the  absorp- 
tion of  oxygen  being  always  in  a  direct  ratio  to  the 
temperature ;  and  under  both  conditions  the  cessation 
of  the  absorption  of  oxygen  was  followed  by  the  arrest 
of  the  circulation. 

Viewing  the  Circulation  in  connection  with  Respira- 
tion,  we  see  many  arguments  favourable  to  Professor 
Draper's  hypothesis ;  but  that  there  are  some  difficul- 
ties not  easily  reconcilable  with  that  hypothesis,  cannot 
be  denied.  For  the  present,  however,  it  is  enough  to 
have  mooted  the  question,  and  to  have  touched  on 

♦  Tenktbon, 
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some  of  the  difficulties  in  the  way  of  our  accepting  the 
heart  as  the  sole  agent  in  propelling  the  blood.  "  The 
relation  between  the  interspaces  of  the  capillaries,  and 
the  blood  thus  introduced  to  them,  continues  the  cur- 
rent. The  oxidising  arterial  blood  has  a  high  affinity 
for  iiioae  portions  that  have  become  wasted ;  it  effects 
their  disintegration,  and  then  its  affinity  is  lost  The 
Tarious  tissues  require  repair ;  they  have  an  affinity 
for  one  or  other  of  the  constituents  of  the  blood  ;  they 
take  the  material  they  need,  and  their  affinity  is  satis- 
fied ;  or  secreting  ceUs  originate  a  drain  upon  the 
blood,  and  the  moment  they  have  removed  from  it  the 
substance  to  be  secreted,  they  have  no  longer  any  rela- 
tion with  it.  So  processes  of  oxidation,  of  nutrition  and 
secretion,  all  conspire  to  draw  the  current  onwards 
from  the  arteries,  and  push  it  towards  the  veins."* 

We  have  now  brought  to  a  close  our  survey  of  the 
course  and  cause  of  the  Circulation,  and  assigned  to 
each  labourer  in  this  difficult  field  of  research  his  share 
in  the  work.  As  an  episode  in  the  History  of  Science, 
the  discoveiy  of  the  circulation  will  always  command 
the  interest  of  readers ;  and  if  the  foregoing  sketch 
has  had  the  good  fortune  to  secure  the  attention  of  any 
medical  readers,  we  hope  it  may  have  the  further  effect 
of  inducing  them  to  go  carefully  through  the  immortal 

works  of  WlLUAM  HAEVBY.+ 

♦  DaA.PEB,  p.  145. 

t  Habyet'b  works  have  been  ably  translated  by  Dr  R.  WlLUS,  and 
published  in  one  volume  by  the  Sydenham  Society. 
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Several  times  in  the  course  of  our  exposition  we 
have  been  forced  to  allude  to  the  passage  of  the  blood 
through  the  lungs,  and  the  changes  there  impressed  on 
it.  Indeed,  without  such  changes  blood  could  serve  no 
purpose  in  the  organism.  Bespiration  is  the  main- 
spring of  animal  existence.  In  the  next  chapter  we 
shall  attentively  examine  itT 


CHAPTER  VI. 
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Two  suiddM— Suffooation  of  Nventy-two  penons  on  board  the  *'  Lon- 
donderry"— History  of  our  knowledge  of  respiration — The  air  we 
breathe — Distinction  between  respiration  as  an  Animal  Function  and 
as  a  Property  of  Tissue — Oxygen  the  life-giver— Varnished  eggs  will 
not  develop ;  tail  of  a  tadpole  developing  after  separation  firom  the 
body — ^The  breathing-mechanism  in  various  animals — The  process  of 
breathing — ^Tight-lacing—  Alterations  of  the  air  in  respiration — Ne* 
oessity  of  ventilation — German  taverns — How  the  organism  accus- 
toms itself  to  bad  air— EflBsct  of  bad  air  in  depressing  the  vital 
functions — ^Respiration  a  vital,  not  a  physical,  problem — Snflbcation : 
various  forms  of— Carbonic  add  not  a  poison — Oxide  of  carbon  a 
poison :  its  effects  on  the  blood — Deaths  by  suffocation :  escape  of 
gas :  drowning — ^Respiration  not  a  process  of  oxidation — ^The  balance 
of  nature— Trees  not  beneficial  in  streets — Varieties  of  animal  respi- 
ration— Respiration  during  sleep^Effect  of  temperature  on  respira- 
tion— Why  do  we  breathe  ? 

A  FEW*  years  ago  a  young  Frenchman,  named  Ddal, 
finding  his  hopes  of  making  a  figure  in  the  world  were 
daUy  becoming  more  chimerical,  resolved  to  die ;  and 
that  he  might  not  quit  the  world  without  producing 
some  **  sensation/'  he  left  this  written  account  of  his 
dying  moments : — "  I  have  thought  it  useful,  in  the 
interest  of  science,''  he  wrote,  ''  to  make  known  the 
effects  of  charcoal  upon  maa    I  place  a  lamp,  a  candle, 

2d 
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and  a  watch  on  my  table,  and  commence  the  ceremony. 
It  is  a  quarter  past  10  ;  I  have  just  lighted  the  stove ; 
the  charcoal  bums  feebly. 

*'  Twenty  minutes  past  10 :  the  pulse  is  calm,  and 
beats  at  its  usual  rata 

"  Thirty  minutes  past  10 :  a  thick  vapour  gradually 
fills  the  room;  the  candle  is  nearly  extinguished;  I 
begin  to  feel  a  violent  headache;  my  eyes  fill  with 
tears ;  I  feel  a  general  sense  of  discomfort ;  the  pulse 
is  agitated. 

"  Forty  minutes  past  10 :  my  candle  has  gone  out ; 
the  lamp  still  bums  ;  the  veins  at  my  temples  throb  as 
if  they  would  burst ;  I  feel  very  sleepy ;  I  suffer  hor- 
ribly in  the  stomach  ;  my  pulse  is  at  80^ 

"  Eifty  minutes  past  10 :  I  am  almost  stifled ;  strange 
ideas  assail  me.  .  .  I  can  scarcely  breatha  .  .  I  shall 
not  go  far.  .  .  There  are  symptoms  of  madness.  .  . 

"  Sixty  minutes  past  10 :  I  Can  scarcely  write.  .  . 
My  sight  is  troubled.  .  .  My  lamp  is  going  out  .  .  I 
did  not  think  it  would  be  such  agony  to  die.  .  .  10.  .  ." 
Here  followed  some  quite  illegible  characters.  Life  had 
ebbed.  On  the  following  morning  he  was  found  on 
the  floor,  a  corpse. 

A  few  hours  later,  she  whom  he  loved,  and  who 
loves  him,  hears  of  this  rash  act,  which  annihilates 
even  hope.  In  her  despair  she  flings  herself  into  the 
dark  and  sullen  Seine.  The  next  morning  a  corpse  is 
exposed  at  the  dreadful  Moigue.  The  casual  spectator 
gazes  on  it  with  undefinable  awe,  as  he  thinks  of  the 
stillness  of  that  wondrous  organism,  which  but  a  few 
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hours  before  was  so  buoyant  with  life.  Where  is  all 
that  mystery  now?  The  body  is  there,  the  form  is 
there,  the  wondrous  structure  is  there,  but  where  is  its 
activity  ?  Gone  are  the  graceful  movements  of  those 
limbs,  and  the  tender  sweetness  of  those  eyes ;  gone 
the  rosy  glow  of  youth ;  gone  the  music  of  the  voice, 
and  the  gaiety  of  the  heart  The  mystery  of  life  has 
given  place  to  the  mystery  of  Death. 

What  has  thus  suddenly  arrested  the  wondrous  me- 
chanism, and,  in  the  place  of  two  palpitating,  vigorous 
beings,  left  two  silent  corpses?  The  cause  seems  so 
trifling  that  we  can  only  marvel  at  its  importance, 
when  revealed  in  the  effect ;  it  was  the  same  in  both 
cases,  in  spite  of  the  difference  of  the  means:  that 
which  killed  the  one,  killed  the  other ;  the  fumes  from 
the  charcoal  pan,  and  the  rushing  waters  of  the  Seine, 
interrupted  the  exchange  of  a  small  quantity  of  gases, 
and  by  preventing  the  blood  from  getting  rid  of  its 
carbonic  acid,  in  exchange  for  an  equivalent  of  oxygen, 
the  fervid  wheels  of  life  were  suddenly  arrested. 

To  get  rid  of  its  carbonic  acid  for  an  equivalent  of 
oxygen — that  is  to  say,  to  make  a  slight  exchange  of 
gases — seems  a- very  trifling  process ;  and  only  the  im- 
pressive lessons  of  tragic  experience  can  persuade  men 
that  this  process  is  extremely  important.  £very  child 
knows  that  we  must  have  air  to  breathe ;  eveiy  one 
knows  how  unpleasant  it  is  not  to  have  freak  air  to 
breathe ;  but  the  mass  of  mankind  have  no  conception 
that  air  which  is  not  fresh,  is  as  bad  as  poison. 

A   very  painful  illustration  of  this  ignorance  is 
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afforded  by  the  calamity  which  occurred  on  board  the 
"Londonderry/^  a  steamer  plying  between  Liverpool 
and  Sligo.  On  Friday,  2d  December  1848,  she  left  for 
Liverpool,  with  two  hundred  passengers  on  board, 
mostly  emigrants.  Stormy  weather  came  on,  and  the 
captain  ordered  every  one  to  go  below.  The  cabin  for 
the  steerage  passengers  was  only  18  feet  long,  11  feet 
wide,  and  7  feet  high.  Into  this  small  space  the  pas- 
sengers were  crowded ;  they  would  only  have  suffered 
inconvenience,  if  the  hatches  had  been  left  open ;  but 
.the  captain  ordered  these  to  be  closed,  and — for  some 
reason  not  explained — he  ordered  a  tarpaulin  to  be 
thrown  over  the  entrance  to  the  cabin,  and  fastened 
down.  The  wretched  passengers  were  now  condemned 
to  breathe  over  and  over  again  the  same  air.  This 
soon  became  intolerable.  Then  occurred  a  horrible 
scene  of  frenzy  and  violence,  amid  the  groans  of  the 
expiring  and  the  curses  of  the  more  robust :  this  was 
stopped  only  by  one  of  the  men  contriving  to  force 
his  way  on  deck,  and  to  alarm  the  mate,  who  was 
called  to  a  fearful  spectacle :  seventy-two  were  already 
dead,  and  many  were  dying;  their  bodies  were 
convulsed,  the  blood  starting  from  their  eyes,  nostrils, 
and  ear& 

The  cause  of  this  tragedy  was  owing  to  the  igno- 
rance of  the  captain  and  his  mate.  They  had  never 
learned  the  vital  importance  of  fresh  air.  They  had 
never  been  taught,  that  air  which  has  once  been 
breathed,  cannot  be  breathed  over  again  without  in- 
jury; never  been  taught  the  fact,  that  air  which  has 
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once  passed  to  and  fro  in  the  lungs  is  vitiated,  and  that 
vitiated  air  is  as  bad  as  poisoa 

It  is  the  same  cause,  acting  with  milder  force,  whidi 
makes  the  faces  pale  of  those  who  issue  from  a  crowded 
church,  and  gives  a  languor  to  those  who  have  sat  for 
some  hours  in  a  theatre,  concert-room,  or  any  other  iU- 
ventilated  apartment,  in  which  human  beings  have 
been  exhaling  carbonic  add  from  their  lungs.  A 
breath  of  fresh  air  quickly  restores  them,  and  after 
breathing  this  fresh  air,  during  a  walk  home,  they 
scarcely  feel  any  evil  results  of  the  late  partial  suffoca- 
tion. Had  the  young  man's  door  been  burst  open,  and 
fresh  air  admitted  to  his  room,  or  had  the  girl  been 
rescued  from  the  river,  and  made  to  breathe  within  a 
few  minutes  after  her  plunge,  or  had  the  hatches  been 
broken  open  in  time,  all  these  victims  would  have  been 
finally  restored,  as  our  concert-goers  are  restored ;  and 
the  concert-goers,  if  kept  much  longer  in  that  ill- 
ventilated  room,  would  have  perished,  as  the  others 
perished 

Among  the  earliest  experiences  of  mankind  must 
have  been  the  necessity  of  fresh  air  for  the  continuance 
of  life ;  but  the  complete  explanation  of  the  fact,  in  all 
its  details,  is  a  scientific  problem,  the  solution  of  which 
only  began  to  be  possible  when  Priestley  discovered 
the  gases  of  which  the  air  is  composed,  and  the  rela- 
tion these  bear  to  the  organism ;  nor  is  the  problem 
even  now  entirely  solved,  in  spite  of  the  labours  of  so 
many  illustrious  men.  We  have  learned  much)  and 
learned  it  accurately;  but  the  diiBSculties  which  still 
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baffle  US  are  many  and  considerable.  The  ancients 
really  knew  nothing  of  this  subject ;  nor  did  the  men 
of  the  sixteenth  and  seventeenth  centuries  lay  any  solid 
foundation-stona  That  was  laid  by  Priestley,  when 
he  discovered  the  oxygen  contained  in  atmospheric  air 
to  possess  the  property  of  converting  venous  into  arte- 
rial blood.  Lavoisier  carried  out  this  discovery,  and 
founded  the  chemical  theory  of  Bespiration.  Goodwyn 
(1788)  applied  the  new  views  to  Asphyxia  (SuflFoca- 
tion),  showing,  by  a  series  of  experiments,  that  when 
air  was  excluded,  venous  blood  remained  unchanged ; 
and  when  it  remained  unchanged,  death  inevitably  fol- 
lowed. Bichat  concluded  from  a  number  of  striking 
experiments,  that  an  intimate  relation  existed  between 
Bespiration,  Circulation,  and  Nervous  Action  ;  he 
showed  how  the  access  of  venous  blood  to  the  brain 
stopped  its  action,  and  subsequently  stopped  the  action 
of  the  heart*  Legallois  extended  these  observations 
to  the  spinal  chord.  But  by  far  the  most  brilliant  in- 
vestigations on  the  subject  of  Bespiration  are  those  of 
SpaUanzani,  whose  M^moires  still  deserve  a  careful 
study,  both  as  models  of  scientific  research,  and  as 
storehouses  of  valuable  facts.  He  was  succeeded  by 
W.  F.  Edwards,  whose  Influence  dea  A  gens  Physiques 
sur  la  Vie  (which  may  be  found  on  the  old  book-stalls 
for  a  couple  of  shillings)  still  remains  one  of  the  best 

*  Claude  Bernard  has  recently  shown  that  venous  blood  is  not  poison- 
ous, although  incapable  of  sustaining  life ;  and  that  Bichat 's  experi- 
ments consequently  must  be  otherwise  interpreted. — ^Berkard,  lAquUUs 
de  FOryanisnu,  i.  607-18. 
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books  the  science  can  boast  of.  Daring  the  present 
centuiy,  hundreds  of  physiologists  have  devoted  labour 
to  the  elucidation  of  the  various  difficulties  which 
darken  this  subject,  and  a  vast  accession  of  valuable 
facts  has  been  the  result.  The  chief  points  which 
have  been  cleared  up  we  may  now  endeavour  to 
exhibit* 

I"".  The  Air  we  breathe. — ^In  Sespiration  there  are 
two  objects  to  be  considered^  namely,  the  Air  which  is 
breathed,  and  the  Breathing-mechanism.  This  air, 
which  no  man  can  see,  is  nevertheless  a  very  material 
substance.  We  stuff  cushions  with  it ;  and  the  che- 
mists analyse  it  into  well-known  substances.  It  forms 
an  atmospheric  ocean  forty-five  miles  in  depth,  sur- 
rounding our  planet,  and  whirling  with  it,  as  it  whirls 
aroxmd  the  sun.  It  is  an  ocean  subject  to  incessant 
fluctuations,  or  tides,  as  we  may  call  them.  like  the 
other  ocean  it  carries  a  variety  of  substances  in  its  rest- 
less currents,  but  preserves  a  constant  composition  of 
its  own,  not  affected  by  these  substances.  It  is  chiefly 
composed  of  two  gases — Oxygen,  which  forms  about 
one-fifth,  and  Nitrogen,  which  forms  nearly  the  re- 
maining four-fifths ;  that  is  to  say,  there  are  twenty- 

*  In  the  foUowing  works  will  be  found  most  of  the  fiEtots  citod  or 
alluded  to  in  our  ezpoefttion : — Spallanzani  :  Mimmres  tur  la  Rupira' 
turn  ;  Edwabds  :  D€  Plnjluenet  tUa  Agens  phytiqua  tvar  la  VU  ;  Claudb 
Bebkabd  :  Ltfom  tur  let  £ffdt  det  Subttances  toxiquet ;  Milkb 
Edwards  i  Lepont  tur  la  Pkyt.  et  FAnat.  Comp. ;  Lehmann  :  PA^- 
tiologische  Chemie  ;  Dr  JoHir  Reid^s  article  Retpiration  in  the  Cyclopadia 
of  Anat,  and  Phyt. ;  and  the  Treatises  on  Physiology  of  BbbaRD, 
M ULLEB,  VALBBTDr,  LoivaBT,  FvvKE,  and  Drafsb,  already  oited. 
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one  parts  of  Oxygen  to  seventy-nine  parts  of  Nitrogen. 
But  besides  these,  there  is  always  a  fradiA,on  of  car- 
bonic add  gas  even  in  the  purest  atmospheric  air :  at 
ordinaiy  elevations  there  are  about  two  parts  of 
carbonic  acid  in  5000  parts  of  air ;  so  that  we  may 
reckon  this  gas  as  forming  the  t^Vu*  ^^  ^^  atmosphere. 
There  are  also  traces  of  ammonia,  but  they  are  veiy 
slight. 

The  air  of  inhabited  rooms,  or  of  caves  and  dun- 
geons, although  constantly  imding  towards  the  stand- 
ard of  composition,  is,  of  course,  subject  to  great 
variationsw  The  respiration  of  animals  and  plants,  and 
the  decay  of  organic  matters,  incessantly  alter  the  com- 
position of  the  air  in  these  places,  and  unless  these 
alterations  be  quickly  counteracted  by  free  access  of 
fresh  air,  the  result  is  an  atmosphere  injuriofOA  or  un- 
brecUhcMe,  The  air  is  vitiated  by  its  proportion  of 
oxygen  being  lessened,  and  its  carbonic  acid  increased. 
It  may  be  vitiated  by  other  causes,  such  as  the  pre- 
sence of  injurious  gases  and  effluvia,  but  the  chief 
cause  is  the  one  just  named. 

When  we  breathe,  and  bum  candles,  or  lamps,  in  a 
room,  the  breathing  and  the  burning  have  a  similar 
bad  effect  on  the  air,  robbing  it  of  oxygen,  and  loading 
it  with  carbonic  acid ;  there  is  neither  breathing,  nor 
burning  of  candles,  without  these  effects.  When  Dal- 
ton  analysed  the  air  of  a  room  in  which,  during  two 
hours,  fifty  candles  had  been  burning,  and  five  hundred 
persons  breathing,  he  foimd  that  instead  of  the  propor- 
tion of  carbonic  acid  being  only  two  gallons  in  five 
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thousand  of  air  (which  would  have  been  the  propor- 
tion in  the  air  of  the  street),  it  was  not  less  than  one 
gallon  in  every  hundred !  This  air  would  soon  have 
become  unbreathabla  Leblanc  analysed  the  atmos- 
phere of  three  hospitals  in  Paris,  and  found  that  it 
contained  five,  ten,  and  twelve  times  as  much  carbonic 
acid  as  the  air  of  the  streets. 

2°.  The  Breathing-Tnechanism, — Before  describing 
the  organs  by  which  we  breathe,  it  will  be  necessary 
jSrst  to  define  what  is  meant  by  breathing.  It  will 
perhaps  strike  some  readers  as  an  idle  question,  to  ask 
What  is  Respiration  ?  And  yet  until  a  distinct  answer 
to  that  question  is  given,  there  can  be  no  philosophical 
comprehension  of  the  present  subject ;  and  as  the  pur- 
pose of  these  pages  is  to  furnish  philosophical  students 
with  material  for  reflection,  no  less  than  to  furnish 
explanations  of  vital  processes,  we  must  endeavour  to 
answer  this  question. 

Beduced  to  its  simplest  terms,  Sespiration  appears 
to  be  nothing  more  than  the  interchange  of  carbonic 
acid  and  oxygen,  which  takes  place  between  the  blood 
and  the  atmosphere.  Our  analysis  comes  down  to 
this ;  and  yet  we  shall  be  led  into  error  if  we  accept 
this  as  the  true  answer  to  our  question :  for  this  is  the 
physical  fact  impUed  in  the  process,  it  is  not  the  vital 
Jwnction  itself.  This  physical  fact  is  not  only  mani- 
fested by  the  breathing  apparatus,  but  by  every  tissue 
in  the  body,  even  when  it  is  separated  from  the  body. 
Take  a  fragment  of  muscle,  rid  it  of  its  blood,  and 
leave  it  exposed  to  the  atmosphere;  it  will  absorb 
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ozygeiiy  and  give  out  carbonic  acid  But  no  one 
would  say  that  the  muscle  breathed ;  because  breath- 
ing is  an  animal  function,  not  a  mere  interchange  of 
gases :  a  function  dependent  upon  this  interchange, 
but  dependent  also  on  the  organic  apparatus  which 
performs  it  We  are  thus  led  to  distinguish  between 
Sespiration  as  the  Ftmctian  of  an  apparatua  of 
organs,  and  that  interchange  of  gases  which  is  merely 
a  Property  of  the  tissues. 

In  the  higher  animals  we  see  this  Function  per* 
formed  by  two  different  organs — gills  and  lungs.  In 
both  organs  we  find  that  a  large  quantity  of  blood  is 
exposed  to  the  air  by  means  of  a  network  of  vessels 
spread  over  the  surface.  The  blood  arrives  there  black, 
and  passes  away  scarlet  It  has  exchanged  some  of  its 
carbonic  acid  for  some  of  the  oxygen  of  the  air ;  it  has 
become  changed  from  venous  into  arterial  blood  This 
oxygenation  of  the  blood  is  therefore  the  special  office 
of  Bespiration ;  and  although  all  aniiiials  exhale  car- 
bonic acid  and  absorb  oxygen — ^although. eveiy  tissue 
does  so— yet  we  must  rigorously  limit  the  idea  of  Res- 
piration, as  an  animal  Function,  to  that  which  takes 
place  in  the  gills  or  lunga  True  it  is,  that  the  simpler 
animals  effect  such  exhalation  and  absorption  by  their 
general  ewrface,  and  not  by  any  special  Tnbdification 
of  it — ^Buch  as  gills  or  lungs  ;  true  it  is,  that  even  fish 
and  reptiles,  furnished  with  gills,  also  respire  by  their 
skin ;  and  that,  when  the  lungs  of  a  frog  are  removed, 
the  necessary  oxygenation  of  the  blood  may  be  effected 
through  the  skin,  if  the  temperature  be  low ;  nay,  it  is 
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also  true,  that  even  man  himself,  in  a  slight  degree, 
respires  by  the  skin;  so  that  the  student  tracing  up- 
wards the  gradual  complication  of  the  organic  appa- 
ratus, and  finding,  firsts  the  whole  of  the  general  surface 
effecting  the  aeration  needed ;  secondly,  a  part  of  the 
surface  formed  into  a  gill,  in  which  aeration  is  far  more 
active;  and,  JmaUy,  finding  this  gill  replaced  by  a 
lung,  may  be  tempted  to  say,  "  If  the  aeration  of  the 
blood  is  the  office  of  Bespiration,  and  if  this  is  effected 
in  some  animals  by  the  skin  alone,  in  others  by  the 
skin  and  the  gills,  and  in  others  principally  by  the 
lungs,  but  still  in  a  slight  degree  also  by  the  skin, 
how  can  you  pretend  to  establish  a  distinction,  other 
than  a  simple  distinction  of  degree;  how  can  you 
expect  me  to  lay  much  stress  on  a  verbal  difference 
such  as  that  between  Function,  and  general  Property 
of  tissue  ?" 

In  reply  to  this  plausible  objection,  we  must  observe 
that  in  science  verbal  distinctions  are  often  extremely 
important ;  they  keep  attention  alive  to  real,  though 
subtle,  distinctions.  It  is  difficult  to  keep  to  such  dis- 
tinctions, for,  as  Bacon  says,  "words  are  generally 
framed  and  applied  according  to  the  conception  of  the 
vulgar,  and  draw  lines  of  separation  according  to  such 
differences  as  the  vulgar  can  follow :  and  when  a  more 
acute  intellect,  or  a  more  diligent  observation,  tries  to 
introduce  a  better  distinction,  words  rebel"  In  strict 
physiological  language,  no  animal  without  blood  ought 
to  be  said  to  breathe  ;  for  Bespiration  in  such  animals 
is  not  effected  by  a  special  apparatus  of  breathing 
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organs ;  and  in  physiology  the  idea  of  Function  is  in- 
separably connected  with  that  of  Organ,  as  the  Act  is 
with  its  Agent  Professor  B^rard  says  that,  penetrated 
with  the  idea  of  a  special  organ  being  necessary  for 
Respiration,  he  experienced  a  singular  disappointment 
in  reading  the  experiments  of  Spallanzani,  whidi 
proved  that  every  tissue  of  the  body  absorbed  oxygen, 
and  gave  out  carbonic  acid ;  and  he  "  only  recovered 
his  contentment  on  perceiving  that  the  essence  of  Bes- 
piration  consisted  in  this  interchange  of  gases,  so  that, 
wherever  a  nutritive  fluid  was  in  contact  with  the  at- 
mosphere, Respiration  must  take  place/'  Here  the 
professor  seems  to  us  to  have  made  an  oversight,  con- 
founding the  general  with  the  particular,  as  completely 
as  if  a  savage  visiting  England,  and  observing  the  trans- 
port of  men  and  goods  by  railways,  and  "  penetrated 
with  the  idea  of  a  special  method  of  transit  being 
necessary,"  were  afterwards  to  observe  that  vans,  carts, 
and  wheelbarrows  also  conveyed  goods,  from  which  he 
would  conclude  that  the  essence  of  transport  being  the 
removal  of  goods  from  one  place  to  another,  every 
means  of  transport  must  be  a  railway.  The  inter- 
change of  gases,  like  the  transport  of  goods,  may  be 
effected  by  various  means,  but  we  only  call  the  one 
Bespiration,  when  it  is  effected  by  gills  or  lungs  ;  and 
the  other  Bailway  transit,  when  it  is  effected  by  Bail- 
waya  Professor  Bdrard  was  right  in  conceiving  that 
a  special  organ  was  necessary  for  Bespiration ;  and  his 
error  arose  from  confounding  the  auction  of  the  organ 
ynth  the  result  of  that  action.    Bespiration  effects  the 
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interchange  of  gases,  and  the  aeration  of  the  blood,  by 
means  of  a  peculiar  organic  apparatus,  without  which 
the  due  aeration  would  not  take  place  in  the  higher 
animals.  In  the  simpler  animals  this  apparatus  is 
not  needed,  because  the  nutritive  fluid,  being  easily 
accessible,  requires  no  apparatus  to  bring  it  into 
contact  with  the  air ;  but  no  sooner  does  the  organ- 
ism become  so  complex  that  a  direct  aeration  of  the 
nutritiye  fluid  ceases  to  be  possible,  than  an  appara- 
tus is  constructed,  the  function  of  which  is  to  effect 
this  aeration.  In  the  gills  and  lungs  we  see  such  an 
apparatus. 

Unless  distinctions  like  these  are  established,  Res- 
piration ceases  altogether  to  be  a  vital  process ;  and 
every  interchange  of  carbonic  acid  and  oxygen,  no 
matter  where  effected,  will  have  an  equal  claim  to  be 
designated  as  a  respiratory  act  Therefore,  as  it  is  of 
the  first  importance  in  all  physioloirical  inquiries  to 
keep  cons Jtlyinviewthe  pTrtplayei  by  the  organism 
in  modifying  physical  laws,  the  philosophic  reader  will 
see  at  once  that  any  verbal  distinction  which  aids  us  in 
this  must  be  of  advantage. 

If  now  we  ask,  What  is  Bespiration?  the  answer 
will  be  this :  The  function  of  the  Ivmge  or  gills,  by 
means  of  which  the  Uood  absorbs  oxygen,  and  parts 
with  carbonic  add  and  some  other  noxious  dements. 
Oxygen  is  the  great  inciter  of  vital  changes ;  its  pre- 
sence is  the  indispensable  condition  of  life.  It  is  at 
once  fuel  and  flame :  it  feeds,  and  it  destroys :  con- 
stantly withdrawn  from  the  blood  by  the  ceaseless 
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activities  of  vital  change,  it  is  as  constantly  drawn  into 
the  blood  by  the  process  of  Bespiration.  If  the  blood 
roshing  through  our  lungs  does  not  meet  there  vnth.  a 
supply  of  oxygen,  the  torrent  carries  to  the  tissues 
venous  in  lieu  of  arterial  blood,  and  the  consequence  is 
an  arrest  of  all  the  vital  changes.  If  in  passing  through 
the  lungs  the  blood  only  meets  with  a  small  supply  of 
oxygen,  an  imperfectly  arterialised  fluid  is  carried  to 
the  tissues,  and  a  partial  arrest  takes  place,  which  is 
seen  in  the  diminished  vigour  of  the  organism :  all  the 
functions  are  depressed;  and  if  this  depression  con- 
tinue, death  arrivea 

That  oxygen  does  play  this  life-giving  part,  is  fami- 
liar to  all  readers ;  but  I  will  here  cite  two  illustrations 
for  the  sake  of  their  intrinsic  interest.  The  chick 
inside  its  shell  develops  only  when  the  air  can  pene- 
trate the  pores  of  that  shell.  If  a  varnish  be  rubbed 
over  the  surface  of  the  shell,  development  is  arrested ; 
and  although  it  appears  that  even  varnish  does  not 
utterly  prevent  the  penetration  of  gases,  yet  it  so  con- 
siderably diminishes  it  that  the  chick  cannot  develop. 
It  is  noticeable,  moreover,  that  the  precise  point  at 
which  the  development  ceases,  is  that  of  the  establish- 
ment of  the  first  circulating  system,  when  the  vascular 
area  begins  to  form.  If  one  of  these  varnished  eggs 
be  freed  from  its  varnish,  and  once  more  placed  under 
the  hen,  it  will  develop.*  .Here  we  observe  the  ab- 
sence of  oxygen  causing  a  complete  arrest  of  vital 

*  See  Babesti  :  Camptet  JUndut  cU  la  Sociiti  tU  Biologie,  1857» 
p.  10M20. 
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cliangea  In  the  following  case  we  shall  see  the  re- 
verse, namely,  vital  changes  going  on  under  free  access 
of  oxygen,  with  no  other  stimulus  that  can  be  detected. 
The  case  is  so  remarkable  that  I  have  thought  it 
right  to  yerify  it  by  repeating  the  experiments  several 
times. 

Spallanzani,  and  after  him  numerous  physiologists, 
found,  that  if  the  tail  of  a  tadpole  were  cut  off,  it  grew  ' 

again  rapidly.    M.  Vulpian  thought  of  inquiring  what 

••I 

became  of  the  tail  thus  cut  off?  and  he  found  that  not  ' 

only  did  it  live  many  days,  but  it  exhibited  activity 

and  development :  it  wriggled  when  touched,  or  when 

exposed  to  the  air,  and  it  developed  new  parts,  as  well  | 

as  new  forms.*    I  cannot  say  that  I  was  fortunate 

enough  to  observe  all  the  curious  facts  recorded  by  M. 

Vulpian;  but  respecting  the  main  fact,  namely,  that 

the  cells  daily  pass  from  their  rudimentary  state  into 

that  of  actual  muscle  fibres,  vessels,  and  pigment  cells 

— ^in  a  word,  that  a  regular  process  of  development 

takes  place — I  can  confirm  his  statement    These  tails 

separated  from  the  organism  are  without  food,  and  the 

means  of  procuring  food ;  yet  the  free  access  of  oxygen 

is  sufficient  for  a  time  to  keep  up  the  process  of  vital 

change. 

To  absorb  o^gen  is  an  animal  necessity.  The  Blood, 
which  is  the  great  agent  of  Nutrition,  must  constantly 
be  supplied  with  oxygen  from  the  air. 

It  matters  not  whether  the  animal  lives  in  air  or  in 
water — the  real  respiratory  medium  is  always  the  air — 

*  See  Bbown  S^uabd'b  Journal  de  la  Phydologie,  i.  808. 
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for  water,  deprived  of  its  air,  or  of  its  due  proportion 
of  oxygen,  is  as  fatal  to  aquatic  as  to  terrestrial  animals. 
It  matters  not  by  what  organ  or  surface  the  respiratory 
exchange  takes  place,  it  is  always  a  twofold  act  of 
exhalation  of  carbonic  add  on  the  one  hand,  and  of 
absorption  of  oxygen  on  the  other. 

The  variety  of  respiratory  organs  is  great  In  the 
Molluscs  we  find  some  kinds  having  no  "organs"  at 
all ;  some  kinds  having  gills,  others  having  lungs,  and 
one  kind  (Oncidiimi)  having  both  gills  and  lunga  In 
the  Crustacea  we  find  rudimentary  gilla  In  spiders 
there  are  both  gills  and  lungs.  Fish  have  only  gills. 
Frogs,  toads,  tritons,  and  salamanders  begin  life  with 
gills,  which  disappear  and  give  place  to  lungs.  Hep- 
tiles,  birds,  and  mammals,  have  lungs  of  different  de- 
grees of  complexity. 

Animals  are  said  to  breathe  by  their  skin  when  the 
air,  either  in  the  water  or  as  atmospheric  air,  comes  in 
contact  with  the  moist  skin  in  which  the  blood  is  circu- 
lating. 

GHU-Reapiration  is  effected  in  a  similar  way :  the 
water,  rushing  over  the  delicate  surface,  parts  with 
oxygen,  and  takes  up  carbonic  acid. 

In  Lung-RespircUion  the  air  is  no  longer  outside, 
but  inside  the  organ :  it  is  drawn  in  from  the  atmos- 
phere; the  exchange  is  effected  in  the  organ,  and 
the  altered  air  is  then  driven  out,  to  be  replaced  by 
fresh  air. 

To  understand  the  mechanism  of  Pulmonary  Bespi- 
ration,  let  us  commence  with  an  examination  of  the 
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Water  Newt  (Triton),  •which  presents  qb  with  the 
simplest  form  of  the  lung,  fmd  will  therefore  best 
enable  us  to  understand  the  more  complex  forma  On 
opening  the  chest  of  this  Newt,  recently  caught  from 
a  neighbottring  pond,  we  obserre  two  elongated  air- 
sacs  of  thin  membrane :  theae  are  the  lung^ 

Let  lis  remove  one  of  these  aaaa,  and  place  it  under 
the  miCTOSCope.  This  is  what  we  see  :  Fie-  is. 
A  delicate  membrane,  down  one  ^de  of 
which  we  observe  the  pulmonary  artery 
a,  and  running  up  the  other  side,  the 
pulmonaiy  vein  b ;  between  these  trunks, 
we  observe  smaller  branches  and  innu- 
merable capillaries,  the  meshes  of  which 
are  indicated  by  the  white  spots. 

After  the  air  has  entered  the  windpipe 
it  passes  into  this  sac,  and  there  comes  in  . 
contact  with  the  delicate  blood-vessels, 
^trough  the  walk  of  which  the  oxygen 
passes  freely  into  the  blood,  and  the  car- 
bonic acid  passes  out  of  the  blood.     How 
will  the  air,  which  is  now  in  the  sac,  and 
which  is  vitiated  by  the  presence  of  car-  ^^^^  ^^  tbimb 
bonic  acid,  and  the  loss  of  oxygen,  be  got    r"f«ir  wopwi. 
rid  of,  to  make  way  for  fresh  air  ?    Simply  by  a  contrac- 
tion of  the  animal's  abdominal  muscles.    If  you  watch 
a  live  Triton  in  a  glass-jar  of  water,  you  will  see  this 
contraction,  and  the  bubble  of  gas,  which  is  expelled. 

Let  us  now  take  a  live  Triton,  and  examine  its 
lungs  under  a  magnifying  power  of  150  diameters  ;  we 
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can  only  see  a  veiy  small  bit  at  a  time,  but  that 
bit  will  show  us  the  circulation  in  the  capillary  net- 
work— a  wondrous  spectacle,  indeed 

Fig.  19.  The  lung  of  a  man 

■"^  ''^''  is  little  more  than  a 

repetition  on  a  large 
scale  of  this  very 
scheme  :  a  myriad  of 
small  lur  •  sacs  are 
crowded  together  in 
the  cavity  of  Ms 
chest,  l^e  Trachea, 
or  windpipe,  divides 
and  subdivides  into 
a  number  of  bron- 
ckiaL  tvhes,  which, 
when  inflamed,  as  in 
violent  colds,  are  the 
seat  of  the  disease 
so  familiar  to  all  — 

ClHCCLATIOH  IH  LuNOB  OF  ThITOH  brOTlckitW.       A  gknCC 

(after  wngmr).  at   Fig.   20,  on  the 

opposite  page,  copied  fi-om  Dr  Dalton,  will  enable  the 
reader  to  uuderstand  the  relation  of  these  tabes  to 
the  lungs. 

The  tubes  are  seen  to  end  in  little  islets  of  Inng- 
substance  :  these  are  the  "  pulmonary  lobules."  If  we 
now  apply  the  microscope,  each  lobule  is  seen  to  be 
a  cluster  of  air-cells  (Fig.  21),  of  which,  it  is  calculated 
that  the  human  lungs  contun  six  hundred  millions. 


OUR  BRONCHIAL  TDBE6. 


This,  -which  is  copied  from  Kolliker,  is  partly  a  real 
and  partly  a  diagrammatic  representation.    It  enables 


us  to  understand  how  the  air  passes  through  the  bron- 
chial tube  into  the  air-cells,  between  which,  and  out- 
side of  which,  run  the  capillaries.  These  vessels  are 
densely  crowded ;  as  may  be  seen  in  Fig.  22,  also 
from  KoUikcr,  magnified  sixty  times. 

3°.   The  Process  of  Brcatkirig. — Having  thus  aecer- 
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tained  the  chief  points  respecting  the  sir  breathed 
f^  21  and  the  breadung  organ, 

we  must  now  glance  at  the 
,  process.   When  we  breathe, 
%  we   draw   in   the    air   by 
our  nostrils,  which  pene- 
,  trates  the  trachea  or  wind- 
pipe, &om  thence  passing 
into  the   bronchial   tubes 
and    tubelets,    and    from 
thence  into  the   air-cells. 
Here  it  yields  part  of  Its 
oxygen  to  the  blood,  re- 

_  __  ceivinc    carbonic   acid   in 

AiBKXLu.  exchanga     It  was  drawn 

in  by  a  dilatation  of  the  chest,  and  is  driven  out 

Fig.  22. 
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again  by  a  contraction  of  the  chest  Science  has  accu- 
rately measured  the  amount  of  air  thus  inspired  and 
expired — ^namely,  about  20  or  25  cubic  inches  each 
time.  But  we  never  empty  our  lungs  by  an  expi- 
ration; there  is  always  a  mucli  larger  quantity  of 
air  remaining  in  the  air-cells ;  this  quantity  varying, 
of  course,  with  the  force  of  the  effort.  Herbst  found 
that,  while  25  cubic  inches  was  the  quantity  expelled 
in  ordinary  quiet  breathing,  the  quantity  would  rise 
to  90,  and  even  240  cubic  inches,  by  very  energetic 
effort&  It  ii^  therefore  calculated  that  an  adult  man, 
with  a  well-developed  chest,  will  retain  about  170 
cubic  inches  of  air  in  his  lungs,  after  each  expiration, 
during  ordinary  breathing ;  and  as  25  inches  will  be 
added  at  the  next  inspiration,  there  will  be  alternately 
175  and  200  cubic  inches  of  air  acting  on  the  blood 
which  rushes  over  the  vast  area  of  the  lungs.  The 
phrase  ''vast  area''  is  no  exaggeration ;  for  small  as 
the  bulk  of  those  organs  truly  is,  the  amount  of  surface 
on  which  blood  is  exposed  to  the  air  in  them,  has  been 
calculated  by  Idndenau  at  not  less  than  2642  square 
feet.  Is  it  not  wonderful  to  reflect  that,  in  the  course 
of  a  single  year,  100,000  cubic  feet  of  air  have  been 
drawn  in  and  expelled,  by  something  like  9,000,000  of 
separate  and  complicated  actions  of  breathing,  to  aerate 
more  than  3500  tons  of  blood? 

4^  Tight-lacing, — The  injurious  effect  of  tight-lacing 
has  often  been  pointed  out,  and  in  England,  at  least, 
women  have  pretty  generally  learned  to  see  the  dan- 
ger, if  not  always  the  hideousness,  of  those  wasp-waists 
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once  so  highly  prized.  A  single  fact  elicited  in  the 
experiments  of  Herbst  will  probably  have  more  weight 
than  pages  of  eloquent  exhortation.  It  is  this: 
the  same  man  who,  when  naked,  was  capable  of  in- 
spiring 190  cubic  inches  at  a  breath,  could  only  in- 
spire 130  when  dressed:  now,  if  we  compare  the 
tightness  of  women's  stays  with  the  tightness  of  a 
man's  dress,  we  shall  easily  form  a  conception  of  the 
serious  obstficle  to  efficient  breathing  which  stays  must 
present;  and  the  injurious  effect  of  this  insufficient 
breathing  consists,  as  we  shall  see  hereafter,  in  its  in- 
ducing a  depression  of  all  the  vital  functions. 

6®.  Alteration  of  the  Air  in  Respiration. — In  Re- 
spiration we  draw  in  and  give  out  a  simUar  quantity  of 
air ;  but  this  air  is  by  no  means  of  similar  quality. 
It  has  been  altered — vitiated  The  ancients  had  no 
other  notion  of  Kespiration  than  that  it  served  to  cool 
the  blood,  as  the  air  cools  the  heated  brow.  This  is 
not  its  office.  It  serves  to  supply  the  indispensable 
conditions  of  vital  changes,  by  removing  carbonic  add 
from  the  blood,  and  supplying  its  place  with  oxygen. 
The  air  which  is  expired  differs  bom  that  which  was 
inspired :  it  has  lost  much  of  its  oxygen,  and  has 
gained  from  3  to  6  per  cent  of  carbonic  acid,  a  large 
amount  of  vapour,  traces  of  ammonia,  hydrogen,  and 
volatile  organic  substances.  The  latter  being  very  pu- 
trefiable,  gives  a  fetid  taint  to  the  moisture  condensed 
from  the  air  on  the  window-panes,  and  to  the  moisture 
which  soaks  into  all  porous  substances  in  the  room. 
It  was  pure  breathable  air  when  it  entered,  and  is  now 
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SO  Titiated  that  after  a  few  repetitions  of  the  process 
it  beoomes  unbreathable.  It  is  made  unbreathable  by 
the  carbonic  acid. 

It  is  not  diEEouIt  to  demonstrate  the  production  of 
carbonic  acid  in  Eespiration.  Fig.  23  is  an  apparatus 
which  beautifully  demonstrates  it 


A  bird  is  placed  in  the  bell-glass  a,  which  is  rc~ 
versed  over  mercury.  A  vessel  of  water,  b,  serves  to 
establish  a  current  of  air  as  the  water  flows  out, 
and  this  current  of  idr  entering  by  the  tubes  1  2, 
which  contain  pumice-stone  mobtened  with  a  solution 
of  potass,  abandons  there  its  carbonic  acid ;  and  the 
proof  that  it  does  so,  is  seen  in  the  fact  that  it  passes 
through  Liebig'a  apparatus  c  (in  which  there  is  lime 
water)  without  producing  that  milky  appearance  which 
would  result  if  any  carbonic  acid  were  present,  because 
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this  carbonic  acid  would  unite  with  the  lime,  and  fonn 
the  carbonate  of  lime,  or  chalk,  Erom  G,  therefore,  the 
air  enters  the  bell-glass  entirely  without  carbonic  acid. 
It  is  here  breathed  by  the  bird.  The  air  which  the 
bird  expires  passes  from  the  bell-glass  into  the  appara- 
tus J>,  and  there  it  meets  with  lime-water,  which  it 
renders  milky  by  precipitating  chalk  ;  and  thus  proves 
that  carbonic  acid  has  been  given  out  by  the  bird. 

If  any  one  thinks  that  the  carbonic  acid  may  have 
had  some  other  origin,  he  can  convince  himself  by 
simply  breathing  through  a  glass-tube  into  a  glass  of 
lime-water:  its  instantaneous  milkiness  will  assure 
him  that  there  was  carbonic  acid  in  his  breath.  The 
quantity  of  this  gas  which  is  momently  thrown  into 
the  atmosphere  by  each  individual,  varies  according  to 
sex,  age,  physical  and  mental  condition,  and  according 
to  the  season  of  the  year,  and  time  of  day.  We  are 
constautly  exhaling  carbonic  acid,  but  not  in  constant 
quantities.  Men  exhale  much  more  than  women ; 
during  the  ages  of  from  16  to  40  the  quantity  exhaled 
by  men  nearly  doubles  that  exhaled  by  women  of  the 
same  ages.  In  men  it  is  observed  that  the  amount 
gradually  increases  from  the  age  of  8  to  that  of  30, 
making  a  sudden  start  at  the  period  of  puberty.  From 
the  age  of  30  it  decreases  gradually,  till  at  extreme  old 
age  the  amount  is  no  greater  than  it  was  at  10.  In 
women,  a  noticeable  phenomenon  is  observed;  the 
amount  increases  from  infancy  to  puberty,  just  as  in 
men ;  but  at  that  epoch  the  increase  suddenly  ceases, 
and  remains  stationary  till  the  change  of  life,  when  the 
amount  increases.    Besides  such  variations  dependent 
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on  age  and  sex,  there  are  others  dependent  on  the 
muscolar  activity  and  physical  condition  of  the  indi- 
Tidnal.  The  amount  of  carbonic  acid  exhaled  during 
digestion  is  greater  than  that  exhaled  during  fast,  and 
greater  in  sunlight  than  .in  darkness.  Wines,  spirits, 
tea,  coffee,  and  narcotics  lessen  the  amount;  not, 
however,  because  they  interfere  with  the  process  of 
Sespiration,  but  because  they  cause  less  carbonic  acid 
to  be  produced  by  the  organism. 

The  exchange  of  these  gases,  considered  simply  as 
an  exchange,  is  a  physical  fact  resting  on  well-known 
physical  laws.  There  have  been,  and  there  still  are, 
disputes  as  to  whether  the  gases  sxefree  in  the  blood, 
as  in  water,  or  are  in  a  state  of  slight  chemical  com- 
bination ;  but  the  facility  with  which  the  exchange  is 
made  seems  to  be  as  great  as  if  they  were  frea  If 
blood  be  shaken  in  a  vessel  containing  air,  it  will 
absorb  from  that  air  more  than  a  tenth  of  its  volume 
of  oxygen.  It  is  then  saiuraUd;  and  if  now  poured 
into  a  vessel  containing  carbonic  acid,  and  there 
shaken,  it  will  abandon  almost  all  its  oxygen,  and 
absorb  carbonic  acid.  This  is  a  simple  illustration  of 
the  interchange  eflfected  in  the  lungs  and  in  the  tissues ; 
for,  as  previously  indicated,  the  delicate  walls  of  the 
blood-vessels  oppose  no  obstacle  to  this  interchange. 
It  is  only  necessary  that  the  blood  should  be  brought 
in  contact  with  an  atmosphere,  or  a  fluid,  of  a  compo- 
.sition  specifically  different  from  its  own.  If  we  substi- 
tute hydrogen  for  oxygen,  the  animal  confined  in  a 
vessel  containing  this  gas  wiU  be  found  to  exhale  car- 
bonic add  vnth  the  same  facility  as  when  atmospheric 
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air  is  breathed  No  animal  can  continue  long  to 
breathe  hydrogen,  simply  because  that  gas  does  not 
furnish  the  conditions  of  vitality ;  but  while  the  animal 
breathes  in  hydrogen,  the  exhalation  of  carbonic  acid 
is  as  perfect  as  at  any  other  time  ;  thus  showing  that 
the  exhalation  depends  on  the  difference  in  the  nature 
of  the  gases  in  the  atmosphere,  and  in  the  blood. 

6**.  Necessity  of  Ventilation. — When  we  breathe  over 
and  oyer  again  the  same  air,  we  gradually  vitiate  it  by 
the  constant  exhalation  of  carbonic  acid,  which  gradu- 
ally brings  the  air  up  to  the  point  where  the  difference 
between  it  and  the  blood — ^as  regards  the  proportions 
of  carbonic  acid — disappears.  The  blood  ceases  to  be 
arterialised,  and  the  vital  fonctions  are  arrested.  In 
vain  does  the  air  still  contain  a  quantity  of  life-giving 
oxygen ;  the  blood  cannot  take  it  up,  because  it  cannot 
get  rid  of  the  carbonic  acid,  and  it  cannot  get  rid  of  its 
carbonic  acid  because  the  conditions  of  the  exchange 
are  absent  To  place  an  animal  in  air  overcharged 
with  carbonic  acid,  is  equivalent  to  a  gradual  preven- 
tion of  his  breathing  at  all.  Suffocation  results  from 
vitiation  of  the  air  in  precisely  the  same  manner  as 
from  interception  of  the  air.  Although  burking  and 
gagging  are  crimes  which  appal  the  public,  that  public 
seems  almost  indifferent  to  the  milder  form  of  the 
same  murder  when  it  is  called  "  want  of  ventilation." 
In  spite  of  the  historical  infamy  of  the  Black  Hole  at 
Calcutta,  our  prisons,  hospitals,  theatres,  churches,  and 
other  public  buildings,  were  left  disgracefully  neglected, 
until,  thanks  to  the  energetic  labours  of  our  sanitary 
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reformers,  public  attention  was  aroused.  That  thou- 
sands have  been  the  victiins  of  public  ignorance  on  this 
important  matter,  may  be  shown  by  a  single  exampla 
The  deatihs  of  new-bom  infants  between  the  ages  of  1 
and  15  days,  which  in  the  Dublin  Lying-in  Hospital 
amounted  in  the  course  of  four  years  to  2944  out  of 
7650  births,  were  suddenly  reduced  to  only  279  deaths 
during  the  same  period,  after  a  new  qrstem  of  ventila* 
tion  had  been  adopted.  Thus  more  than  2500  deaths, 
or  1  in  every  3  births,  must  be  attributed  to  the  bad 
ventilation. 

In  England  the  public  is  daily  becoming  more  en- 
lightened on  the  subject  of  ventilation,  although  a  dan- 
gerous indifference,  springing  from  want  of  elementary 
knowledge,  is  still  prevalent,  and  taxes  the  patience  of  re- 
formers ;  but  in  the  country  where  these  lines  are  writ- 
ten, it  is  painful  to  observe  that  even  highly  cultivated 
men  seem  almost  insensible  to  the  importance  of  fresh 
air.  The  Grermans  sit  for  hours  in  low  crowded  rooms, 
so  dense  with  tobacco-smoke  that  on  entering  you  cannot 
recognise  your  friends ;  and  so  vitiated  is  the  atmosphere 
by  the  compound  of  breath,  bad  tobacco,  exhalations  of 
organic  putrefiable  matters,  and  an  iron  stove,  that  at 
first  it  seems  impossible  for  you  to  breathe  in  it.  Even 
in  their  private  rooms  they  breathe  a  hot,  musty,  (!ry  air, 
which  makes  an  Englishman  gasp  for  an  open  window. 
It  is  true  that  after  a  while  you  get  accustomed  to  the 
air.  You  also  get  accustomed  to  that  of  the  smoke- 
fiUed  tavern.  On  entering,  yoii  felt  it  would  be  im- 
possible to  stay  in  it  ten  minutes ;  but  in  less  than 
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ten  minntes  it  has  become  quite  tolerable,  and  in  half 
an  hour  scarcely  appreciable.  If  yon  quit  the  room  for 
a  few  minntes,  and  return  once  more  after  having 
breathed  fresh  air,  again  yon  perceiTe  the  poisonous 
condition  of  the  atmosphere,  bnt  again  yon  will  get 
accustomed  to  it,  and  seem  to  breathe  freely  in  it 

Was  this  atmosphere  really  not  injurious  i  or  have 
your  sensations,  like  sentinels  asleep,  ceased  to  warn 
you  of  the  danger  7  To  answer  this,  we  will  first  bring 
forward  some  experiments  instituted  by  Claude  Ber- 
nard on  the  influence  of  vitiated  air  (Fig.  24).    A 
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Sparrow  left  in  a  bell-^lass  to  breathe  over  and  over 
again  the  same  air,  will  live  in  it  for  upwards  of  three 
hours ;  but  at  the  clo.se  of  the  second  hour — when 
there  is  consequently  still  air  of  sufficient  purity  to 
permit  this  sparrow's  breathing  it  for  more  than  an 
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hour  longer — ^if  a  fresh  and  vigorous  sparrow  be  intro* 
dnced,  it  will  e:tpire  almost  immediately.  The  air 
which  would  suffice  for  the  respiration  of  one  sparrow 
suffocates  another.  Nay  more,  if  the  sparrow  be  taken 
from  the  glass  at  the  close  of  the  third  hour,  when  very 
feeble,  it  may  be  restored  to  activity ;  and  no  sooner 
has  it  recovered  sufficient  vigour  to  fly  about  again, 
than,  if  once  more  introduced  into  the  atmosphere  from 
which  it  was  taken,  it  will  perish  immediately.  An- 
other experiment  points  to  a  simUar  result  A  sparrow 
is  confined  in  a  bell-glass,  and  at  the  end  of  about  an 
hour  and  a  half  it  is  still  active,  although  obviously 
suffering :  a  second  sparrow  is  introduced ;  in  about  ten 
minutes  the  new-comer  is  dead,  while  the  original  occu- 
pant flies  about  the  lecture-room  as  soon  as  liberated. 
One  cannot  try  experiments  on  human  beings  as  on 
animals,  but  accident  and  disease  frequently  furnish  us 
with  experiments  made  to  our  hand.  What  has  been 
just  related  of  the  birds,  is  confirmed  by  an  accident 
which  befell  two  young  Frenchiromen.  They  were  in 
a  room  heated  by  a  coke-stova  One  of  them  was 
suffocated,  and  fell  senseless  on  the  ground.  The  other, 
who  was  in  bed,  suffering  from  typhoid  fever,  resisted 
the  poisonous  influence  of  the  atmosphere,  so  as  to  be 
able  to  scream  till  assistance  came.  They  were  both 
rescued,  but  the  healthy  girl,  who  had  succumbed  to 
the  noxious  air,  was  found  to  have  a  paralysis  of  the 
left  arm,  which  lasted  for  more  than  six  months.  Here, 
as  in  the  case  of  the  sparrows,  we  find  the  paradoxical 
result  to  be,  that  the  poisonous  action  of  a  vitiated  air 
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is  better  resisted  by  the  feeble,  sickly  orgamsm,  than 
by  the  yigorous,  healthy  organism. 

This  paradox  admits  of  a  physiological  explanation. 
In  the  vitiated  air  of  a  Grerman  Kneipe.  as  in  that  of 
the  houses  of  the  poor,  we  find  those  who  have  had 
time  to  adjust  themselves  to  it,  breathing  without 
apparent  inconvenience,  although  each  new-comer  feels 
the  air  to  be  vitiated ;  and  because  they  **  get  accus* 
tomed  to  it/'  people  very  naturally  suppose  that  no 
injurious  effect  can  follow.  Here  lies  the  dangerous 
fallacy.  They  get  accustomed  to  it,  indeed,  and  only 
because  they  do  so  are  they  contented  to  remain  in  it ; 
but  at  what  price?  by  what  means?  By  a  gradual 
depression  of  aUihe  functions  of  nutrition  and  secre^ 
tion.  In  this  depressed  condition  less  oxygen  is 
absorbed,  and  therefore  less  is  needed  in  the  atmos- 
phere. A  vitiated  air  will  suffice  for  the  respiration 
of  a  depressed  organism,  as  it  would  amply  suffice  for 
the  respiration  of  a  cold-blooded  animal  When  we 
enter  a  vitiated  atmosphere,  our  breathing  becomes 
laborious ;  the  consequence  of  this  is  a  depression  of 
all  the  organic  functions,  and  ilien  the  breathing  is  easy 
again,  because  we  no  longer  require  so  much  oxygen, 
and  we  no  longer  produce  so  much  carbonic  acid.  Were 
it  not  for  this  adjustment  of  the  organism  to  the 
medium,  by  a  gradual  depression  of  the  functions,  con- 
tinued existence  in  a  vitiated  atmosphere  would  be 
impossible ;  we  see  the  vigorous  bird  perish  instan- 
taneously in  air  which  would  sustain  the  enfeebled  bird 
for  upwards  of  an  hour. 
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Thus  does  Physiology  explain  the  paradox ;  but  at 
the  same  time  it  points  out  the  fallacy  of  supposing 
that  bad  air  can  be  harmless  because  we  '*  get  accus- 
tomed '^  to  it  It  is  a  fortunate  circumstance  for  those 
who  have  to  breathe  bad  air,  that  the  organism  is 
quickly  depressed  to  such  a  point  as  to  render  the  air 
breathable,  yet  no  one  will  deny  that  depressions  of 
this  kind  are  necessarily  injurious,  especially  when 
frequently  experienced  There  is  indeed  a  wonderful 
elasticity  in  the  organism,  enabling  it  to  adapt  itself  to 
changing  conditions ;  but  a  frequent  depression  of 
functional  activity  must  be  injurious,  and  fatal  if  pro- 
longed. 

It  is  interesting  to  observe  the  effect  of  a  gradual 
adjustment  of  the  organism,  as  contrasted  with  one 
less  gradual  The  longer  the  time  allowed,  the  easier 
is  this  adjustment.  Thus  a  bird  will  live  three  hours 
in  a  certain  quantity  of  air ;  in  the  same  quantity,  two 
birds  of  the  same  species,  age,  and  size,  will  not  live  one 
hour  and  a  half,  as  might  be  supposed,  but  only  one 
hour  and  a  quarter.  Conversely,  the  bird  which  will 
live  only  one  hour  in  a  pint  of  air,  will  live  three 
hours  in  two  pints. 

7^  Respiration  a  vital  Problem, — ^Enlightened  by 
these  remarkable  results,  we  shall  now  be  able  to  regard 
Bespiration  as  a  physiological  function  rather  than  as  a 
simple  physical  process.  On  more  than  one  occasion 
we  have  had  to  protest  against  the  tendency  to  explain 
vital  phenomena  by  physical  and  chemical  laws  only, 
without  regard  to  the  order  of  conceptions  specially 
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belonging  to  vital  phenomena ;  and  ^we  mnst  repeat 
that  protest  in  the  present  case.  That  Respiration  is 
ultimately  dependent  on  physical  laws,  no  one  thinks 
of  disputing ;  and  in  the  arduous  endeavour  to  detect 
the  operation  of  those  laws,  it  is  natural  that  men 
should  neglect  the  still  more  difficult  study  of  vital 
laws.  But  we  think  it  can  be  shown  that  however  far 
analysis  may  trace  the  operation  of  the  laws  of  gaseous 
interchange  and  diffusion,  and  the  condensing  action  of 
moist  membranes,  these  will  only  conduct  us  to  the 
threshold  ;  they  will  never  open  for  us  the  temple. 
These  physical  laws  reveal  only  one  part  of  the  mystery. 
Respiration  is  not  a  simple  physical  fact.  It  is  the 
function  of  a  living  organism,  and  as  such  receives  a 
specific  character  from  that  organism.  No  sooner  do 
we  cease  to  regard  the  exclusively  physical  aspect  of 
this  function — ^no  sooner  do  we  fix  our  attention  on  the 
organism  and  its  influence,  than  the  theory  raised  on 
the  simple  laws  of  gaseous  interchange  suddenly  totters 
and  falls. 

It  seems  easy  to  explain  why  warm-blooded  animals 
cease  to  breathe  in  an  atmosphere  charged  with  a  certain 
per-centage  of  carbonic  acid,  although  there  may  still 
remain  sufficient  oxygen  to  permit  a*  candle  to  burn  in 
it,  and  even  to  permit  continued  respiration  if  the  car- 
bonic acid  be  removed.  The  presence  of  a  certain 
amount  of  carbonic  acid  in  the  air  prevents  the  exhala- 
tion of  carbonic  acid  from  the  blood.  As  we  read  the 
explanation,  nothing  can  seem  clearer,  and  we  admire 
the  skill  with  which  the  laws  of  the  absorption  of  gases 
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are  brought  to  bear  on  the  question.  But  as  we  pursue 
our  researches,  various  difficulties  arise ;  and  as  we 
extend  the  inquiry  from  the  respiration  of  warm-blooded 
to  that  of  cold-blooded  animals,  we  learn  that  the  fact 
is  not  at  all  true  of  the  simpler  organisms.  Let  us  for 
a  moment  consider  one  striking  contradiction :  the  air 
which  has  once  passed  through  the  lungs  of  a  man,  and 
which,  in  losing  four  or  five  per  cent  of  its  oxygen,  has 
become  charged  with  three  or  four  per  cent  of  carbonic 
acid,  will  yield  but  very  little  of  its  remaining  oxygen 
when  again  passed  through  the  lungs  ;  and  if  this  air 
be  breathed  over  and  over  again,  until  the  sense  of 
suffocation  forces  a  cessation,  the  air  will  still  be  found 
to  contain  ten  per  cent  of  oxygen — ^that  is  to  say,  nearly 
half  its  original  quantity.  In  air  thus  vitiated  the 
respiratory  process  is  impossible,  but  only  impossible 
for  warmrblooded  animals  in  hedUh :  frogs,  reptiles, 
fish,  and  molluscs,  instead  of  perishing  when  the  air 
has  lost  about  half  its  oxygen,  continue  to  breathe,  and 
to  absorb  oxygen,  almost  as  long  as  there  is  any  left 
Spallanzani,  Humboldt,  and  Matteucci,  have  placed  this 
beyond  a  doubt  by  their  experiments ;  and  when  we 
consider  how  long  these  experiments  have  been  before 
the  world,  it  is  a  matter  of  surprise  that  the  contra- 
diction they  give  to  all  the  purely  physical  theories  of 
Eespiration  has  not  been  insisted  on.  If  the  process 
depends  simply  on  the  proportion  of  gases  in  the 
atmosphere,  how  is  it  that  one  animal  can  continue  to 
\ breathe  in  an  atmosphere  unbreathable  by  another? 
If  it  be  simply  the  interchange  of  oxygen  and  carbonic 

2f 
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acid,  and  this  interchange  be  frastrated  whenever  eleven 
per  cent  of  oxygen  has  disappeared,  the  law  must  be 
ahsdube:  it  must  be  as  applicable  to  reptiles  and 
molluscs  as  to  birds  or  mammals.  Instead  of  this,  we 
find  that  reptiles  can  continue  to  breathe  long  after 
such  a  limit  has  been  passed  ;  they  continue  to  absorb 
oxygen  as  long  as  even  ozdy  three  per  cent  remains,  in 
spite  of  the  continually  increasing  proportion  of  car- 
bonic acid.  How  is  it  that  the  physical  laws  of 
absorption  frustrated  the  Sespiration  of  one  class  of 
animals,  and  were  powerless  with  another  class  ?  Why 
is  it  that,  when  a  bird  and  a  frog  are  confined  in  the 
same  vessel,  the  frog  will  continue  to  absorb  oxygen 
from  the  vitiated  air  in  which  the  bird  has  long 
perished?  Clearly  the  catiseof  this  difference  lies  in 
the  difference  of  the  organisms ;  and  we  must  no  longer 
seek  in  the  mere  quantities  of  gases  an  explanation  of 
interrupted  respiration ;  we  must  no  longer  say  that 
"breathing  becomes  impossible  when  the  air  is  charged 
with  a  certain  amount  of  carbonic  acid,  because  that 
amount  prevents  the  gaseous  interchange ; "  but  we 
must  say  that  such  an  amount  prevents  the  gaseous 
interchange,  because  it  interferes  with  the  organic 
action  of  the  pulmonary  apparatus.  The  distinction 
becomes  palpable  when  we  have  an  organism  which  is 
not  affected  by  this  amoimt  of  carbonic  acid,  and  is 
even  more  palpable  when  we  see  a  warm-blooded 
animal  capable  of  breathing  for  a  long  period  the  air 
which,  under  a  different  condition,  it  would  find  tm- 
breathable.     We  have  seen  how  a  bird,  with  its 
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fanctions  depressed,  can  continue  to  breathe  for  an 
hour  in  an  atmosphere  which  immediately  suffocated 
another  bird  of  the  same  spedes ;  whereby  it  became 
clear  that  the  lungs  of  one  warm-blooded  animal  could 
absorb  oxygen  from  an  atmosphere  in  which  there  was 
such  a  proportion  of  carbonic  add,  that  auffident  oxygen 
could  not  be  absorbed  by  a  vigorous  animal  of  the  same 
spedes. 

The  intervention  of  organic  conditions,  modifying 
the  simple  physical  laws  of  gaseous  exchange,  is  suffi- 
ciently evident  from  what  has  just  been  said  ;  but  we 
have  as  yet  no  clear  insight  into  the  nature  of  this 
intervention ;  we  do  not  know  why  blood,  charged 
with  carbonic  add,  cannot  in  the  one  case  exchange 
that  gas  for  the  oxygen,  of  which  ten  per  cent  still 
remains,  since  in  another  case  the  same  blood  can 
effect  the  exchange  when  there  is  even  less  than  ten 
per  cent  of  oxygen. 

Atmospheric  air  contains  only  twenty-one  per  cent 
of  oxygea  But  if  fifby  per  cent  of  oxygen  be  mixed 
with  fifty  of  carbonic  acid,  a  warm-blooded  animal  is 
suffocated  in  it,  in  spite  of  there  being  more  than  double 
the  amount  of  oxygen  present  in  the  ordinary  atmo- 
sphere. Bernard,  who  made  the  experiment^  thinks  that 
the  carbonic  add  in  this  mixtmre  prevented  the  oxygen 
from  entering  the  blood,  not  only  because  of  its  greater 
solubility,  which  gives  it  a  tendency  to  displace  the 
oxygen,  but  also  because  of  the  obstade  it  presents  to 
the  exhalation  of  carbonic  add  On  the  other  hand, 
the  extensive  and  careful  experiments  of  Begnault  and 
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Beiset  show  that  Bespiration  will  take  place  quite  ^ell 
in  an  atmosphere  which  contains  as  much  as  twenty- 
three  per  cent  of  carbonic  acid,  if  at  the  same  time  it 
contains  as  much  as  forty  per  cent  of  oxygen.  How 
are  we  to  reconcile  such  facts  as  those  just  cited  ?  In 
the  one  case  we  see  that  fifty  per  cent  of  oxygen  is 
insufficient,  if  the  amount  of  carbonic  add  be  also  fifty 
per  cent ;  in  another  case  we  see  that  forty  per  cent  of 
oxygen  suffices,  if  the  carbonic  acid  do  not  exceed 
twenty-three  per  cent ;  and  we  could  explain  both  by 
saying,  that  unless  the  amount  of  oxygen  nearly  doubles 
that  of  carbonic  acid,  respiration  is  impossible,  were  it 
not  for  the  irresistible  objection  that  reptiles  breathe 
in  an  atmosphere  which  has  become  charged  with 
carbonic  acid,  and  has  gradually  lost  all  but  three  per 
cent  of  its  oxygen. 

We  have  raised  difficulties  which  we  cannot  pretend 
to  remove.  It  is  enough  to  have  called  attention  to 
the  physiological  problem  involved,  as  a  justification 
of  our  scepticism  in  presence  of  the  purely  physical 
explanations.  Bespiration  is  not  a  simple  interchange 
of  gases,  but  an  organic  function,  which  chiefly  consists 
in  exhaling  carbonic  acid  and  absorbing  oxygen :  what- 
ever interferes  with  the  exhalation  or  the  absorption, 
checks  Bespiration,  no  matter  what  may  be  the  condi- 
tion of  the  atmosphera  As  a  final  proof  of  the  correct- 
ness of  this  conception,  we  will  add  that  oxide  of 
carbon,  by  preventing  the  exhalation  of  carbonic  acid 
from  the  blood,  prevents  all  Bespiration,  whatever 
amount  of  oxygen  may  be  in  the  air.      Moreover, 
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experimenters  are  now  agreed  that  there  is  no  accu- 
rate correspondence  between  the  amounts  of  oxygen 
absorbed  and  carbonic  acid  exhaled,  as  there  ought  to 
be  were  the  process  one  of  simple  exchange. 

IL  SxTFFOGATiON. — ^With  this  explanation  of  the 
process  of  Bespiration,  let  us  now  approach  the  terrible 
phenomenon  of  Suffocation,  or  Asphyxia,  which  is  the 
consequence  of  a  continued  interruption  of  the  breathing 
process  This  interruption  may  be  owing  either  to  the 
air  beiQg  prevented  from  entering  the  lungs — as  in 
drowning,  hanging,  gagging,  &c. — or  by  the  air  which 
enters  being  too  poor  in  oxygen,  or  too  rich  in  carbonic 
acid,  or  in  oxide  of  carbon.  To  tighten  a  cord  round  a 
man's  neck,  to  hold  his  head  under  water,  or  to  bum 
charcoal  in  his  ill-ventilated  room,  are  three  modes  of 
producing  the  same  residt.  Every  one  can  understand 
that  if  you  forcibly  prevent  an  animal  from  breathing, 
you  must  cause  its  death,  because  breathing  is  necessary 
to  life ;  but  every  one  does  not  understand  that  air 
which  has  been  vitiated  by  the  breathing  of  animals,  or 
the  burning  of  candles  and  gas,  is  kept  out  of  the  blood 
as  certainly  as  if  a  pillow  were  pressed  upon  the  face. 

One  veiy  general,  indeed  ahnost  universal,  miscon- 
ception on  this  subject  is,  that  carbonic  add  is  poison- 
ous in  the  blood ;  but  the  truth  seems  to  be  that  the 
carbonic  acid  is  noxious  only  when  it  prevents  the 
access  of  oxygen.  There  is  always  carbonic  add  in  the 
blood,  both  venous  and  arterial  Its  accumulation  in 
the  blood  is  only  fatal  when  there  is  such  an  accumu- 
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lation  in  the  atmosphere  as  will  prevent  its  exhalation ; 
its  mere  presence  in  the  blood  seems  to  be  quite  harmless, 
even  in  large  quantities,  provided  always  that  it  be  not 
retained  there  to  the  exclusion  of  oxygen.  Carbonic 
acid,  when  absorbed  into  the  blood,  which  is  alkaline, 
cannot  there  exert  its  irritant  action  as  an  acid,  because 
it  will  either  be  transformed  into  a  carbonate  or  be 
dissolved.  Bernard  has  injected  large  quantities  into 
the  veins  and  arteries,  and  under  the  skin  of  rabbits, 
and  found  no  noxious  effect  ensue.  The  more  carbonic 
acid  there  ia  in*  the  blood,  the  more  will  be  exhaled, 
provided  always  that  the  air  be  not  already  so  charged 
with  it  as  to  prevent  this  exhalation. 

This  is  a  sufficient  answer  to  the  Teetotal  argument, 
that  Alcohol  mv>st  be  poisonous,  because  it  is  said  to 
cause  an  accumulation  of  carbonic  acid  in  the  blood 
This  is  not  true,  as  a  matter  of  fact ;  and  if  true,  it 
would  in  no  way  affect  the  breathing  process ;  the 
extra  quantity  of  carbonic  acid  would  be  got  rid  of  as 
easily  as  the  usual  quantity. 

But  oaide  of  carbon  is  a  poisonous  gas.  Every  reader 
will  remember  the  bltce  flame  which  rises  from  lighted 
coals  or  wood ;  that  is  oxide  of  carbon ;  and  being 
notoriously  poisonous,  it  has  by  some  writers  been 
selected  as  the  real  agent  in  those  numerous  deaths 
occurring  from  voluntary  and  involuntary  exposure  to 
the  fumes  of  charcoal  in  closed  chambers.  Carbonic 
acid  was  said  to  be  innocent,  and  oxide  of  carbon  had 
to  bear  the  whole  infamy.  There  is  no  doubt,  however, 
that  although  carbonic  acid  is  not  a  poison,  it  will 
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produce  asphyxia,  and  deoUis  &om  charcoal-fumea  may 
occur  either  from  this  osphTiia,  or  &om  poisoning  by 
oxide  of  carbon,  or  &om  a  conjunction  of  the  two. 
Oxide  of  carbon  is  truly  called  a  poison,  because  its 
action  la  deleterious  even  in  slight  doses,  no  matter 
what  may  be  the  state  of  the  atmosphere ;  but  carbonic 
acid  is  only  deleterious  when  the  quantity  in  the 
atmosphere  is  such  that  the  absorption  of  oxygen  is 
frustrated. 

Carbonic  acid  passes  to  and  fro,  leaving  the  blood 
otherwise  unaltered ;  but  oxide  of  carbon  really  Itilla 
the  blood.  If  we  take  a  little  venous  blood  and  expose 
it  to  oxide  of  carbon,  it  becomes  instantly  scarlet  In 
appearance  the  change  has  been  nothing  more  than 
would  have  occurred  had  o^gen,  instead  of  the  oxide, 
been  employed.     But  in  fact,  the  change  has  been  very 


In  Fig.  25  we  see  how  Bernard  causes  a  dog  to  breathe 
the  oxide  of  carbon.    At  first  the  gas,  which  is  in  Uie 
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bladder,  is  kept  from  the  dog,  and  the  blood  flowing 
from  an  opened  vein  is  seen  to  be  black.  But  on  turning 
the  cock,  and  causing  the  oxide  to  mingle  with  the  air 
breathed,  the  blood  is  rapidly  seen  to  be  scarlet ;  and 
unless  the  operation  is  suspended  inunediately,  the 
dog  will  die  suffocated.  This  scarlet  blood  will  not 
become  black  again  on  exposure  to  carbonic  acid,  as 
would  be  the  case  if  oxygen  had  given  the  scarlet  col- 
our. On  the  contrary,  the  scarlet  colour  is  retained 
for  weeks. 

Prussic  acid  produces  a  similar  effect  Poisoning  by 
prussic  acid,  or  by  oxide  of  carbon,  may  be  detected  by 
this  scarlet  colour  of  the  venous  blood. 

The  effect  of  oxide  of  carbon  is  to  render  the  blood- 
discs  incapable  of  that  process  of  exhalation,  on  which, 
as  we  have  seen,  the  activity  of  the  organism  depends. 
The  blood,  to  all  appearance,  preserves  its  vitality,  for 
neither  the  form  nor  the  colour  of  its  discs  is  altered ; 
but  the  blood  is  really  dead,  because  its  restless  changes 
are  arrested.  Ever  wonderful  is  the  fact  constantly 
obtruding  itself  upon  us,  that  life  is  inseparably  linked 
with  Change,  and  that  every  arrest  is  Death.  Only 
through  incessant  destruction  and  reconstruction  can 
vital  phenomena  emerge,  an  ebb  and  flow  of  being. 
The  moment  we  preserve  organic  matter  from  destruc- 
tion, we  have  rendered  it  incapable  of  the  restless 
strivings  of  Life.  A  spirit  like  that  of  Faust  seems 
ranging  through  all  matter ;  and  if  ever  it  should  say 
to  the  passing  moment,  ''  Stay !  thou  art  fair,"  its 
career  will  be  at  an  end. 
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Deaths  from  Suffocation. — ^We  have  seen  that  a  cur- 
rent of  fresh  air  prevents  carbonic  acid  from  being  nox- 
ious, unless  the  quantity  be  very  considerable ;  and  it  is 
on  this  account. that  coal,  coke,  candles,  gas,  &c.  can  be 
burned  in  our  apartments  without  injury.  But  it  is 
important  to  know  that  a  current  of  fresh  air  will  not 
always  prevent  death  from  suffocation.  It  is  important 
to  know  that  there  is  no  absolute  safety  in  the  fact  of 
the  room  being  ventilated ;  the  mere  presence  of  car- 
bonic acid  will  not  cause  suffocation  in  such  a  room, 
but  unhappily  the  carbonic  add  is  frequently  accom- 
panied by  oxide  of  carbon,  and  it  is  to  this  we  must 
attribute  those  accidents  which  have  occurred  in  manu- 
&ctorie8,  when  the  workmen,  seated  at  tables  under 
which  coke  was  burning,  have  fallen  back  suffocated. 
Dr  Marye  cites  a  case  of  asphyxia  which  occurred  in  a 
room,  one  of  the  window-panes  of  which  was  broken, 
so  that  a  current  of  air  must  have  circulated  in  it  In 
1835,  a  shopkeeper  of  Paris  was  found  suffocated  in  his 
bed,  although  the  room  in  which  he  slept  was  over  the 
shop,  communicating  with  it  by  an  open  staircase,  and 
the  shop  had  its  windows,  opening  on  the  street,  im- 
perfectly closed.  In  spite  of  this  free  access  of  air,  the 
noxious  vapours  from  a  stove  in  which  coke  and  coal 
were  burning,  suffocated  him. 

Qas  is  a  great  spoiler  of  the  air ;  but  it  has  the  merit 
of  giving  timely  warning  of  the  danger,  by  the  horrible 
smell  which  accompanies  its  escape.  This  smell  is  per- 
ceptible when  there  is  only  one  part  in  a  thousand  parts 
of  air ;  becomes  very  offensive  when  the  proportion  is 
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rhy  ^^  7W'  ^'^^  ^  almost  insapportable  as  the  propor- 
tion ii]crease&  K  the  gas  has  escaped  from  a  crack  in 
the  pipes,  and  been  allowed  to  mingle  with  the  air  in 
which  a  free  circulation  by  ventilation  is  impossible,  so 
that  the  proportion  of  gas  amounts  to  ^,  it  explodes  on 
the  introduction  of  a  candle.  This  was  the  cause  of 
that  terrible  accident  some  twenty  years  ago  in  Albany 
Street,  when  a  whole  house  was  blown  up,  as  if  a 
powder-mill  had  been  ignited.  Qas,  when  burning,  is 
also  very  injurious,  and  seems  to  have  a  particularly  bad 
effect  upon  the  nervous  system,  as  all  persons  know  who 
have  attended  to  their  sensations.  It  produces  excite^ 
ment,  headache,  lassitude,  and  often  sickness.  While 
ventilation  is  in  all  cases  indispensable,  it  becomes  more 
and  more  urgent  in  proportion  to  the  amount  of  gas  or 
coke  which  is  burning  in  the  room ;  and  when  we  reflect 
on  the  compound  of  evUs  which  meet  together  in  a 
theatre,  conoert-room,  or  lecture-room — the  air  robbed 
of  its  oxygen  by  the  burning  and  the  breathiag,  and 
loaded  with  carbonic  acid,  animal  effluvia,  and  heat, 
there  can  be  little  surprise  if  a  violent  headache,  or 
unusual  languor,  is  the  result  of  staying  three  hours  in 
such  an  atmosphere. 

Death  from  drowning  is  also  a  form  of  si^f  ocation. 
On  sinking  into  the  water,  a  man  first  struggles  to  the 
surface,  and  gasps  for  breath ;  but  with  the  air  there 
enters  some  water,  and  this  makes  him  cough ;  in  cough- 
ing to  expel  the  water,  he  expels  a  great  part  of  the  air 
which  he  had  drawn  in.  In  a  few  seconds  his  strength 
foils ;  he  can  no  longer  rise  to  the  surface,  the  uigent 
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demand  for  fresh  air  forces  him  to  open  his  mouth,  and 
this  only  allows  more  water  to  enter,  and  asphyxia 
resnlta  Sat  this  is  not  always  the  course  of  the  phe- 
nomena. Sometimes  the  man  receives  such  a  shock  that 
he  is  instantaneously  deprived  of  the  use  of  his  faculties 
— ^he  faints  in  the  water,  and  dies  without  a  struggle. 
Sir  Benjamin  Brodie  tells  a  story  of  a  man  who  was 
recovered  from  drowning,  and  who  described  it  as  being 
a  very  calm  and  blissful  mode  of  death.  The  last  thing 
he  was  conscious  of  was,  that  he  quietly  counted  the 
pebbles  on  the  bottom. 

Ill  Theosies  of  Bebfiration.— It  is  hoped  that 
the  foregoing  pages  have  furnished  the  reader  with  many 
important  hints  for  practical  gnidance,  and  have  duly 
impressed  him  with  the  serious  necessity  of  attending  to 
ventilation  in  bedrooms,  sitting-rooms,  and  manufac- 
tories ;  but  there  are  also  speculative  points  which  might 
profitably  detain  us,  after  we  have  fiilly  satisfied  our- 
selves on  the  practical  points.  A  few  of  these  may  now 
be  touched  on. 

And,  first,  of  that  popular  theory  which  declares 
Bespiration  to  be  a  process  of  Oxidation.  It  probably 
caused  the  reader  a  pleasant  feeling  of  surprise  when  he 
first  heard  that  the  burning  of  a  candle,  the  rusting  of 
iron,  and  the  process  of  breathing,  were  only  three  forms 
of  the  same  process— three  names  for  three  different 
forms  of  combustion  or  oxidation.  There  is,  indeed,  a 
fascination  in  such  generaUsationa  One  almost  regrets 
to  find  them  not  correct    I  am  sorry  to  say  this  one  is 
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not  correct  The  burning  of  a  candle  and  the  rusting 
of  iron  are,  indeed,  two  forms  of  one  process  of  com- 
bustion They  are  oxidations ;  but  respiration  can  no 
longer  be  considered,  in  any  sense,  as  a  process  of  oxida- 
tion. The  combustion-theory  is  a  mistake  from  first  to 
last  Bespiration,  as  a  process,  is  two-fold — ^the  exhal- 
ation of  carbonic  acid,  and  the  absorption  of  oxygen. 

The  interesting  experiments  of  Priestley  will  enable 
us  to  set  forth  the  differences  between  Bespiration  and 
Combustion.  He  placed  mice  in  a  bell-glass,  where  in 
due  time  they  were  suffocated  by  the  air  which  th^  had 
vitUted ;  other  mice  were  introduced,  and  they  expired 
immediately.  In  another  bell-glass  a  candle  went  out, 
after  having  in  its  combustion  absorbed  a  part  of  the 
oxygen;  another  burning  candle  was  introduced,  and  it 
was  at  once  extinguished  by  this  vitiated  air.  In  both 
of  these  vessels  some  mint  was  now  placed,  where  it 
flourished,  and  so  completely  revivified  the  air,  by  ab- 
sorbing its  carbonic  acid  and  giving  out  oxygen,  that 
mice  Li  again  breathe  in  the  on^aod  a  lie  bom 
in  the  other.  In  these  experiments  we  seem  to  have  a 
demonstration  of  the  identity  of  Combustion  and'Bespi- 
ration — ^and  this,  indeed,  was  the  conclusion  drawn; 
but  that  the  conclusion  is  erroneous,  appears  from  the 
experiments  of  Claude  Bernard,  who  takes  a  bell-glass 
containing  an  atmosphere  of  15  per  cent  of  oxygen,  and 
2  per  cent  of  carbonic  acid — ^the  rest  of  the  oxygen 
having  disappeared  to  form  water  with  the  hydrogen  of 
the  candle  which  has  just  gone  out  In  this  atmosphere, 
in  which  a  candle  will  not  bum,  a  linnet  wiU  breathe  at 
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ease  for  some  time.  Bernard  then  reverses  the  experi- 
ment, and  makes  an  atmosphere  in  which  a  candle  will 
bum,  but  in  which  an  animal  instantaneously  perishes 
— an  atmosphere  composed  half  of  oxygen  and  half  of 
carbonic  acid,  in  which  a  candle  will  bum  better  than 
in  the  air,  because  of  the  greater  amount  of  oxygen ; 
but  in  which  the  animal  perishes,  because,  in  spite  of 
the  amount  of  oxygen,  that  oxygen  cannot  be  absorbed. 
The  bird,  when  about  to  expire  in  vitiated  air,  will  be 
recalled  to  life  if  the  carbonic  acid  be  removed  by  the 
introduction  of  potash — showing  that  it  is  owing  to  the 
presence  of  this  carbonic  acid  that  Sespiration  is  im- 
peded; but  we  cannot  thus  restore  the  expiring  flame 
of  the  candle  by  removing  the  carbonic  acid.  Place 
lighted  candles  in  two  bell-glasses,  and  as  soon  as  the 
combustion  grows  feeble,  introduce  into  one  glass  some 
potash  to  remove  the  carbonic  acid,  you  will,  neiP^erthe- 
less,  find  that  the  candles  in  both  glasses  will  go  out  at 
the  same  instant  The  experiment  is  very  simple,  and  its 
significance  is  plain.   By  it  we  see  the  difference  between 

which  is  not  oxidation  but  exchange.  In  the  combus- 
tion of  the  candle  the  oxidation  is  everything,  and  no 
process  of  exchange'takes  place.  In  the  breathing  of  an 
animal  the  exchange  is  everything,  and  no  oxidation 
takes  place.  The  candle  expires  because  there  is  not 
enough  oxygen  in  the  air ;  the  animal  expires  because 
there  is  too  much  carbonic  add  in  the  air. 

Further,  to  prove  that  Respiration  is  an  exchange  of 
gases  in  the  lungs,  and  not  a  process  of  oxidation,  we 
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need  only  refer  to  the  experiments  of  Spallanzani  and 
W.  Edwards — experimentB  so  celebrated,  that  one  is 
amazed  to  find  one's-self  citing  them  in  this  discnssion. 
which  the;  oaght  long  ago  to  have  closed. 
A  frog  was  placed  in  a  bell-glass  containing  pore 
j^  2^  hydrogen  gas,  reversed  over 

merciuT :  Fig,  26.    Before 
pUcing  it  there,  all  the  tar 
had  been  pressed  out  of  its 
lungs.    For  eight  honrs  and 
B    half    it    continned    to 
breathe  this  hydrogen,  and 
continned  to  give  ont  car- 
bonic acid.   The  same  ezp9* 
riment  will   succeed  also 
with  warm-blooded  animals, 
if  trie'd  on  those  newly  bom ;  bnt  after  they  hare 
breathed  for  some  hoars  th^  are  ttnable  to  stand 
the  t«st     These  experiments  prove  that  carbonic  acid 
pre-«dsts  in  the  blood,  and  is  not  formed  dnring  re< 
spiration   by  the  o^gen  as  it  enters;   and  prove, 
likewise,  that  the  respiratory  process  is  a  doable  one  of 
exhalation  and  tAsorjttion,  which  can  take  place  as 
well  with  hydrogen  as  with  oxygen :  and  we  are  thus 
forced  to  exclude  the  idea  of  oxidation  altogether. 
Although  respiration  can  take  place  without  oxygen, 
life  will  not  long  continne  without  it ;  for,  as  brfore 
stated,  o^gen  is  the  power  which  bums  oi^tuiic  matter 
into  life. 

There  is  another  form  of  the  combustion-theory,  held 
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by  those  who  give  np  the  idea  of  c^bomc  acid  being 
formed  in  the  lungs.  It  is  this :  ''  The  oxygen  of  the 
air  bums  the  carbon  of  the  tissues  into  carbonic  acid, 
and  the  hydrogen  into  water."  Widely  as  this  hypo- 
thesis has  been  accepted,  there  is  not  one  bit  of  direct 
evidence  that  carbonic  acid  and  water  are  ever  formed 
in  this  way  in  the  organism ;  it  is  purely  inferential, 
and  there  are  many  reasons  against  our  accepting  it 
even  hypothetically.  But  even  on  the  supposition  that 
such  direct  oxidations  were  the  source  of  the  carbonic 
acid  and  water,  we  should  still  have  to  declare  that 
Bespiration  was  not  a  process  of  Combustion.  If 
oxidation  of  tissue  is  one  result  of  Bespiration,  it  is 
not  the  process. 

Why  is  death  inevitable  when  the  access  of  fresh 
oxygen  is  excluded  ?  The  fact  we  know — of  the  reason 
we  are  ignorant  There  still  remains  a  large  quantity 
of  oxygen  in  the  blood  of  the  expiring  animal ;  nor 
will  death  be  sensibly  retarded  if  fresh  oxygen  is  in- 
jected into  the  veins  and  arteries.  How  is  this  ?  The 
process  of  respiration  brings  oxygen  to  the  blood ;  yet, 
if  the  oxygen  be  brought  there  through  a  more  direct 
channel  while  respiration  is  impeded,  the  animal  will 
die  as  quickly  as  if  left  to  itself  Bernard  tied  a  dog's 
head  in  a  bag,  which  would  in  a  certain  time  produce 
suffocation,  and  he  found  that  period  by  no  means  re^ 
tarded  when  he  injected  oxygen  into  the  arteries. 

2°.  The  Balance  of  Nature. — Quitting  for  a  moment 
this  labyrinth  of  difficulty  and  doubt,  which  alternately 
fascinates  and  disheartens  us  when  we  strive  to  gain 
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some  explanation  of  the  myriad  processes  of  life,  let  ns 
stand  apart  and  contemplate  the  marvel  of  respiratory 
interchange,  no  longer  as  an  animal  ifnnction,  but  rather 
as  a  planetary  phenomenon ;  let  ns  endeavour  to  picture 
to  ourselves  the  silent  creative  activity  everywhere  de- 
pendent on  this  interchange.  The  forests,  the  prairies, 
the  meadows,  the  cornfields,  and  gardens — ^the  mighty 
expanse  of  plant-life  covering  mountain  and  valley — 
these  subsist  on  the  carbonic  acid  which  is  exhaled  from 
the  lungs  and  bodies  of  animals.  Plants  take  up  this  car- 
bonic acid  from  the  atmosphere,  mould  the  carbon  into 
their  own  substance,  and  set  free  the  oxygen,  once  more 
returning  it  to  the  atmosphere..  Animals  reverse  the 
process,  taking  up  the  oxygen,  and  giving  out  carbonic 
acid  for  the  nourishment  of  plants.  This  beautiful  rhyth- 
mus  of  organic  life  has  been  so  often  described  that  it 
has  almost  become  a  commonplace,  without,  however, 
losing  its  charm  for  the  contemplative  mind. 

The  dependence  of  plant  on  animal,  and  of  animal 
on  plant,  united  in  one  mystery,  and  ever  acting  each 
for  the  advantage  of  the  other,  is  not  an  idea  to  lose  its 
charm  by  becoming  familiar ;  but  it  sometimes  leads 
to  misconceptions.  What,  for  instance,  seems  more 
natural  than  that  the  influence  of  trees  planted  in  our 
cities  shotdd  be  very  beneficial?  If  trees  can  thus 
withdraw  the  noxious  carbonic  acid  from  the  vitiated 
air  of  cities,  would  it  not  be  desirable — ^nay,  ought  it 
not  peremptorily  to  be  demanded — ^that  as  many  trees 
should  be  planted  in  our  streets  as  we  can  find  room 
for?    Such  conclusions  are  soon  reached  by  swift  logi- 
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ciana  But  Natare  is  apt  to  elude  the  grasp  of  swift 
logicians,  and  she  repeatedly  declines  to  fall  into  the 
most  symmetrical  of  their  formulas.  Not  that  Nature 
is  capricious  or  illogical :  but  logicians  are  apt  to  draw 
inferences  before  they  have  collected  sufficient  data. 
Nature,  in  the  present  case,  point-blank  declares  that 
the  influence  of  vegetation  on  the  atmosphere  is  totally 
iTvappreddble,  unless  the  atmosphere  be  in  a  closed 
chamber  or  vessel,  and  then  the  influence  is  striking. 
Human  wit  has  discovered  no  test  delicate  enough  to 
appreciate  the  influence  of  plants  on  the  free  atmosphere 
in  which  we  live.  The  depth  and  compass  of  this  air- 
ocean  are  too  vast,  and  the  amount  of  oxygen  absorbed 
by  animals  too  trivial  in  comparison,  for  any  effect  to 
be  appreciable ;  moreover,  the  mixture  of  the  gases  in 
the  air,  and  their  mutual  difibsion,  is  so  rapid,  that  no 
difference  has  yet  been  detected  in  the  proportions  of 
oxygen  and  carbonic  acid  in  the  air  of  crowded  towns 
or  wooded  valleys.  The  air  of  cities  will  hold  more 
noxious  exhalations  suspended  in  it,  but  its  gaseous 
composition  will  be  the  same  as  that  of  the  country. 
To  give  an  idea  of  the  insignificant  part  played  by  ani- 
mals as  vitiators  of  the  great  air-ocean,  we  may  men- 
tion the  calculation  made  by  the  distinguished  chemist 
Dumas,  that  all  the  oxygen  consumed  by  all  the  animals 
on  the  surface  .of  the  globe  during  one  hundred  years 
would  not  amount  to  more  than  the  ^^^  of  the  quan- 
tity in  our  atmosphere;  and  even  supposing  all  vegeta- 
tion to  be  annihilated,  consequently  no  oxygen  to  be 

returned  to  the  air  by  the  incessant  reduction  of  the 
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carbonic  acid,  there  would  still  need  a  period  of  ten 
thousand  years  before  the  diminution  of  the  oxygen 
could  become  appreciable  by  any  instraments  we  have 
hitherto  invented. 

3^  Varieties  in  Animals. — ^The  fact  that  Bespira- 
tion  is  an  animal  function,  dependent  upon  a  peculiar 
organic  apparatus,  leads  us  at  once  to  suspect  that  it 
will  exhibit  great  varieties — not  only  in  various  animals, 
but  in  the  same  animal  under  different  conditions. 

We  learn,  for  example,  without  surprise,  that  animals 
of  large  bulk  consume  more  air  than  the  smaQer 
animals ;  horses  and  oxen  more  than  men  ;  men  more 
than  dogs  and  cats.  But,  to  use  an  Eastern  figure,  it 
raises  the  eyebrow  of  astonishment  when  we  learn  that 
the  proportion  of  carbonic  acid  exhaled  by  a  man  and 
a  horse  bears  no  sort  of  correspondence  to  the  differ- 
ences in  their  relative  bulk — ^the  proportion  being  187 
to  16.  We  are,  in  Uke  manner,  puzzled  to  find  that  a 
full-grown  cat  only  exhales  1}  of  carbonic  acid,  where 
a  rabbit  produces  more  than  2.  How  is  this  to  be 
explained  ?  Is  there  not  a  streak  of  light  trembling 
on  this  question  when  we  bring  forward  the  fact  pro* 
viously  mentioned,  that  the  vegetable  feeders  imiformly 
exhale  more  carbonic  acid  than  the  animal  feeders,  and 
that  carnivorous  animals  exhale  more  than  their  usual 
quantity  if  they  are  fed  on  vegetables?  Some  light 
may  fall  firom  this  source,  but  it  does  not  suffice  to 
clear  up  the  obscurity. 

Another  interesting  problem  also  arises  here  : — 
Although  the  larger  the  animal,  the  greater  the  absolute 
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amount  of  carbonic  acid  it  produces,*  yet  the  smaller 
the  animal  the  greater  is  the  rdaUve  amount  it  pro- 
duces. Thus,  supposing  the  production  of  carbonic 
acid  be  estimated  according  to  each  pound- weight  of 
the  animal,  we  shall  find  that  the  smaller  the  animal 
the  greater  will  be  its  proportion.  But  it  is  not  size 
and  weight  alone  which  detennine  the  differences  in 
the  amount  of  air  consumed ;  far  greater  differences 
will  arise  from  the  yarieties  of  organisation.  We  may 
accept  it  as  an  axiom  in  physiology,  that  the  activity  of 
Bespiration  is  inseparably  connected  with  vitd  activity 
— ^not  simply  muscular  activity,  as  some  writers  main- 
tain, but  all  processes  whatever,  involving  chemical 
change  within  the  body.  The  most  striking  confirma- 
tion of  this  axiom  is  perhaps  to  be  seen  in  the  pheno- 
mena of  hybernation  or  winter-sleep.  No  sooner  are 
the  vital  functions  reduced  to  this  extremely  feeble 
condition,  in  which  we  may  almost  say  life  is  suspended, 
than  these  hybemating  animals  are  so  incapable  of 
ordinary  respiration  that  they  may  be  .placed  in  an 
atmosphere  of  pure  carbonic  acid,  and  remain  there 
unhurt  for  four  hours ;  whereas  if  they  were  placed  in 
such  an  atmosphere  when  their  breathing  was  going  on, 
they  would  instantly  perish. 

L  would  imagine  on  hearing  this,  that  our  ordin- 

*  This  applies,  of  course,  only  to  animals  of  the  same  kind.  "  Vous 
seraai  ^tonnd,"  says  Spallanzani,  "  quand  je  tous  dirai  qu'une  laire  du 
poids  de  quelques  grains  s'approprie  presqu'  oatant  d'ozygkie  dans  le 
m6me  terns,  qu*im  amphibie  mille  fois  plus  voluznmeuz  qu'elle/* — 
Mimoirt*  twr  la  Retp,,  p.  69.  This  is  becaose  the  insect  lives  so  much 
more  rapidly  than  the  reptile. 
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ary  Sleep  would  also  bring  with  it  a  diminution  of  the 
quantity  of  air  consumed  And  in  as  far  as  sleep  may 
be  considered  a  diminution  of  the  vital  activity,  such  a 
conclusion  must  be  correct  But  in  how  fea  is  sleep  a 
diminution  ?  That  is  a  question  not  hitherto  asked, 
consequently  as  yet  without  an  answer.  In  sleep  there 
is  very  obvious  diminution  of  some  forms  of  vital  activ- 
ity, but  we  are  by  no  means  sure  that  the  organic  changes 
are  so  much  less  rapid  on  the  whole.  We  are  led  to 
this  doubt  by  the  experiments  of  MoleschottandBocker, 
which  establish  that  the  chief  cause  of  the  difference 
noticed  between  the  amount  of  carbonic  acid  produced 
during  the  day  and  night  is  the  influence  of  stmlight ; 
and  that  a  man  lying  quietly  awake  will  produce  less 
instead  of  more  than  a  man  asleep,  if  the  conditions  of 
light  and  temperature  are  the  same.  Sleep,  as  sleep, 
seems  not  therefore  a  diminution  of  the  vital  activity ; 
although  the  sleep  which  we  take  at  night  after  the 
fatigues  of  the  day  must  of  course  be  considered  as 
accompanied  by  a  diminution.  It  is  quite  certain  that, 
partly  from  fatigue  and  partly  from  the  absence  of  sun- 
light, less  carbonic  acid  is  formed  at  night  than  during 
the  day.  Boussingault  found  that  the  same  turtle- 
doves during  day  and  night  showed  a  difference  of  94 
and  59  on  one  occasion,  and  of  75  and  53  on  another. 
Lehmann  confirmed  the  observations. 

If  it  is  true  that  all  vital  activity  increases  the  amount 
of  carbonic  acid  exhaled,  and  if  every  diminution  is 
accompanied  by  a  corresponding  diminution  of  the 
amount,  we   may   readily   believe   that   intellectual 
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fatigue,  and  the  lassitude  which  succeeds  mental  or 
emotional  excitement^,  will  be  accompanied  by  a  corre- 
sponding depression  of  the  respiratory  function.  Nay, 
even  the  concentration  of  the  mind  on  any  subject  will 
produce  this.  Every  one  knows  the  state  of  ''  breath- 
less attention.''  Whenever  the  mind  is  preoccupied  by 
a  powerful  impression  of  some  duration,  the  breathing 
becomes  so  feeble  that  from  time  to  time  we  are  forced 
to  compensate  this  diminished  activity  by  a  deep  inspir- 
ation. This  is  the  rationale  of  sighinff,  an  action  com- 
monly attributed  only  to  grief,  but  which  is  the  accom- 
paniment of  all  mental  preoccupation.  The  philoso- 
pher, brooding  over  his  problem,  will  be  heard  sighing 
from  time  to  time,  almost  as  deeply  as  the  maiden 
brooding  over  her  forlorn  condition.  All  men  sigh 
over  their  work,  when  their  work  deeply  engages  them  ; 
but  they  do  not  remark  it  because  the  work,  and  not 
their  feelings,  engages  their  attention,  whereas  during 
grief  it  is  their  feelings  which  occupy  them. 

It  is  an  interesting  fact,  and  one  which  throws  light 
on  the  intimate  connection  between  respiration  and 
vital  activity,  that  a  very  considerable  increase  in  the 
production  of  carbonic  acid  swiftly  follows  after  eating, 
consequently  an  enormous  reduction  in  the  amount  is 
found  to  accompany  starvation.  The  fact  was  estab- 
lished by  Spallanzani,  and  has  been  repeatedly  con- 
firmed. Boussingault  found  that  pigeons,  when  fasting, 
did  not  produce  half  the  amount  which  they  produced 
when  well  fed.  Spallanzani  suggests  that  the  food 
during  digestion  gives  off  carbonic  acid,  and  this  pass- 


400  BESPIBATION  AND  SUFFOCATION. 

ing  into  the  blood,  is  exhaled  in  respiration — a  sug- 
gestion which  receives  additional'  force  from  the  fact 
that  vegetable  food  uniformly  produces  more  carbonic 
add  in  respiration  than  animal  food.  But  this  will 
scarcely  account  for  the  whole  of  the  increase,  and  we 
are  led  to  seek  for  the  other  cause  in  the  greater  ac- 
tivity of  the  nutritive  processes :  the  &sting  animal 
has  a  depressed  vitality. 

Temperature  has  considerable  influence  on  respir- 
ation. The  fact  has  been  ascertained  by  experiment, 
but  it  might  have  been  deductively  established ;  for  the 
influence  of  temperature  on  the  vital  activities  is  well 
known,  and  whatever  influences  them  must  afiect  res- 
piration. It  is  only  by  the  aid  of  such  an  axiom  that 
we  can  find  our  way  amid  the  apparent  contradictions  of 
this  subject  The  remarkable  difference  noticed  between 
the  capabilities  of  warm  and  cold  blooded  animals  in 
breathing  vitiated  air,  is  not  less  than  the  difference  in 
the  effect  of  temperature  on  these  two  classes.  We  re- 
member our  astonishment  on  learning  from  Spallamsani 
that  increase  in  the  temperature  brings  with  it  an  uni- 
form increase  in  the  amount  of  oxygen  absorbed  by 
molluscs  and  reptiles;  it  was  a  statement  in  direct  con- 
tradiction to  the  well-established  fact  in  human  physi- 
ology, that  more  oxygen  was  absorbed  in  cold  than  in 
hot  weather.  Our  difficulty  was  lightened,  however, 
when  we  learned  that  Spallanzani's  statement  is  only 
true  of  cold-blooded  animals,  and  true  of  them  only 
within  certain  limits :  too  great  a  heat  ceases  to  in- 
crease the  amount,  and  gradually  diminishes  it,  as  with 
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warm-blooded  animala  What  are  these  limits,  and  why 
this  cessation  of  increase  ?  The  limits  are  these  :  take 
a  frog  and  place  it  in  an  atmosphere  a  little  above  the 
freezing-point ;  as  the  temperature  rises  from  36^  to 
45''  Fahrenheit,  the  amount  of  oxygen  absorbed  uni^ 
formly  increases ;  it  remains  nearly  stationary  from  45"" 
to  57° ;  at  58^  it  begins  to  decrease,  and  this  decrease 
continues  till  104^  is  reached,  and  then  the  frog  perishea 
The  reason  is  very  simple :  a  certain  amount  of  heat 
stimulates  all  the  vital  functions  of  the  frog,  and  con* 
sequently  increases  its  need  for  oxygen  ;  when  the  heat 
becomes  too  great  it  ceases  to  be  a  stimulant,  and  de- 
presses the  functional  activity,  till  at  length  a  point  is 
reached  when  the  organism  can  no  longer  exist. 

On  warm-blooded  animals  the  effect  of  temperature 
is  apparently  differ^it,  but  really  the  same.  Every 
increase  of  heat  is  foimd  to  dimmish  their  respiration, 
every  increase  of  cold  to  axigment  it.  Thus  it  is  ascer- 
tained that  the  smaller  mammals,  at  a  temperature  of 
86°  to  104°  Fahr.,  consume  only  half  the  quantity  they 
consumed  at  freezing-point.  Various  experiments  on 
man  have  elicited  the  general  fact,  that  under  the  influ- 
ence of  a  moderately  cold  atmosphere  the  respiration  is 
increased  by  one-sixth  more  than  in  a  moderately  warm 
atmosphera  Precisely  as  too  intense  a  degree  of  heat 
diminishes  the  respiration  of  the  frog,  by  enfeebling  its 
vital  activity,  does  too  intense  a  degree  of  cold  diminiah 
the  respiration  of  a  warm-blooded  animal  by  enfeebling 
its  vital  activity.  There  are  certain  limits  of  tempera- 
ture within  which  every  increase  of  heat  raises  the  res- 
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piration  of  the  &og,  becanse  the  increase  raises  its  vital 
activity;  and  there  are  certain  limits  "within  which 
every  decrease  of  heat  raises  the  respiration  of  the  man, 
becanse  the  decrease  raises  his  vital  activity ;  bnt  if 
these  limits  be  overstepped,  the  stimulant  is  changed 
into  a  debilitant. 

We  see  this  very  cnriously  illustrated  by  the  hyber- 
nating  animals,  such  as  the  dormouse,  marmot,  bat, 
hedgehog.  They  occupy,  in  this  respect,  an  interme- 
diate position  between  the  cold-blooded  and  warm* 
blooded  animals ;  for  although  they  are  really  warm- 
blooded animals,  the  effect  of  temperature  on  them  is 
closely  allied  to  that  produced  on  the  cold-blooded. 
With  every  fall  of  external  temperature  their  respir- 
ation diminishes.  Unlike  the  rest  of  warm-blooded 
animals,  their  organism  seems  to  have  Uttle  power  of 
resisting  the  changes  of  external  temperature ;  they 
cannot  produce  heat  with  sufficient  rapidity  to  counter- 
balance the  loss  they  sustain  from  the  surface  of  their 
bodies  when  the  air  is  cold.  Instead  of  acting  on  them 
as  a  stimulus,  which  would  accelerate  the  respiratory 
process,  cold  acts  on  them  with  a  depressing  influence, 
which  gradually  reduces  their  respiration  almost  to  zero. 
But  no  sooner  have  they  passed  into  this  winter-sleep, 
and  their  organic  activity  has  become  very  feeble,  than 
we  can  at  pleasure  reawaken  it  to  any  degree  by  raising 
the  surrounding  temperature ;  and  as  the  vital  activity 
once  more  begins  to  manifest  itself,  the  respiration 
(which  is  only  one  form  of  vital  activity)  likewise  be- 
comes manifest 
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Why  do  we  breathe?  The  foregoing  pages  have 
^yen  some  answer  to  the  question,  How  do  we  breathe  ? 
but  have  not  hinted  at  the  why  ;  yet  after  reading  about 
the  respiratory  process,  a  natural  curiosity  prompts  the 
inquiry  as  to  its  causa  Unhappily  nothing  but  ex- 
tremely vague  answers  can  be  given.  We  know  that 
the  chest  expands  and  contracts  with  beautiful  rhythm, 
and,  mostly,  as  an  involimtary,  automatic  procesa  We 
know  that  our  attention  is  not  required,  that  no  effort 
is  needed,  and  indeed  that  no  effort  of  ours  can  prevent 
the  regular  alternation  of  inspiration  and  expiration* 
We  can  by  an  effort  accelerate  or  retard  these  motions, 
but  we  cannot  prevent  them.  The  process,  then,  clearly 
depends  on  a  stimulus  given  to  the  involuntary  part  of 
the  nervous  system  :  it  is  called  into  action  by  nervous 
stimulus,  and  physiologists  have  vainly  endeavoured  to 
discover  the  nervous  apparatus  whi<di  is  involved,  and 
the  rationale  of  its  action.  The  pressure  of  carbonic 
acid  in  the  air-cells,  or  of  venous  blood  in  the  capil- 
laries, may  act  as  a  stimulus  to  the  pneumogastric  nerve ; 
but  what  is  the  rationale  of  making  a  new-bom  child 
draw  breath,  by  whipping  its  back  and  continuation  ? 
Generally,  the  stimulus  of  the  cold  air  on  the  child's 
face  suffices  to  make  it  draw  breath,  which  it  expires 
again  in  a  weU-known  cry,  to  mothers'  ears  most  musi- 
cal ;  but  this  stimulus,  is  often  insufficient,  and  the 
doctor  or  nurse  initiates  the  little  stranger  into  that  ex- 
perience of  "  external  local  applications  ^  which,  in 
later  years,  will  also  be  freely  used  as  a  stimulus  to 
virtue  or  learning.     The  fact  we  know ;  but  why  such 
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"  local  applications  '*  excite  the  respiratory  activity,  we 
do  not  know,  for  we  do  not  know  the  nervous  apparatus 
which  regulates  the  actions  of  respiration.  It  is  pro- 
bable that  the  researches  of  physiologists  will,  ere  long, 
dear  up  this  point,  as  they  have  deared  up  so  many 
others ;  meanwhile  we  jnust  content  ourselves  with 
vague  answers  to  our  question,  Why  do  we  breathe  ? 


CHAPTER  VII. 


WHY  WE  ARE  WARM,  AND  HOW  WE  KEEP  SO. 

AnimalB  have  a  temperature  of  their  own — This  not  owing  to  a  "  Vital 
Principle" — Description  of  the  yarious  instruments  employed  in 
measuring  animal  heat — ^Mistake  of  supposing  that  there  are  cold- 
blooded and  warm-blooded  animals — Man  preserves  his  temperature 
in  all  climates  and  all  seasons — His  power  of  enduring  great  heat-— 
The  cooling  apparatus  of  his  oxganism — Perspiration  carries  off 
superfluous  heat — Difference  between  feeling  hot  and  being  hot — 
Influence  of  age,  sex,  and  food  on  our  temperature — ^Young  ft-nimftia 
cannot  well  resist  cold — The  notion  of  "hardening"  infants  erroneous 
— Is  food  warmth? — Influence  of  the  seasons — ^Effect  of  a  cold  wind 
— ^Why  is  the  east  wind  felt  to  be  cold  ?— Where  is  cold  dangerous  ? 
— Can  cold  water  be  drunk  with  safety  when  we  are  hot? — ^The 
theory  of  animal  heat — ^Respiration  is  not  the  cause  of  animal  heat — 
Heat  in  dead  bodies — Relation  between  respiration  and  animal  heat 
in  yarious  classes  of  animals — Hybemating  animals — Frogs  and 
tritons  in  winter  and  summer. 

A  Bird-cage  hangs  above  a  small  aquarium :  in  the 
cage  there  is  a  bird;  in  the  glass  tank,  seaweeds, 
zoophytes,  molluscs,  and  fish.  The  atmosphere  of  the 
apartment  varies  with  those  variations  of  temperature 
which  accompany  the  earth's  daily  rotation  and  annual 
movement  The  summer  sunlight  streams  in  through 
the  windows  ;  the  icy  north  wind  rushes  through  the 
crevices ;  the  shadows  of  night,  and  the  evaporations 
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of  moming,  bring  with  them  perpetual  risings  and 
fallings  of  the  temperature  of  that  room ;  and  with 
these  risings  and  fallings  there  are  corresponding  fluc- 
tuations in  the  temperature  of  the  glass  and  water  of 
the  tank,  the  brass  and  woodwork  of  the  cage.  This 
is  according  to  the  law  by  which  an  equiUbrium  of  tem- 
perature is  always  established  among  inorganic  bodie& 
The  warmer  atmosphere  rapidly  warms  the  glass  and 
water — ^the  cooler  atmosphere  rapidly  cook  them ;  it 
is  true  that  the  water  will  always  be  somewhat  colder 
than  the  atmosphere,  because  it  loses  heat  in  evaporar 
tion,  but  nevertheless,  as  the  external  temperature  rises 
and  falls,  that  of  the  water  also  rises  and  falla 

While  these  changes,  so  familiar  and  so  easy  of  ex- 
planation, have  been  taking  place,  the  bird  has  been 
neither  colder  nor  wanner  ;  throughout  the  fluctuations 
of  external  temperature  it  has  preserved  almost  uni- 
formly the  very  high  degree  of  warmth  which,  as  a  bird, 
belongs  to  it.  Neither  the  beams  of  an  August  sun, 
nor  the  nipping  east  wind  of  December,  have  raised  or 
lowered  its  normal  heat  at  any  time  more  than  one  or 
two  degreea  You  may  perhaps  imagine  that  it  has 
been  kept  warm  through  the  winter  by  its  envelope  of 
feathers,  but  this  is  true  only  to  a  very  slight  extent ;  strip 
it  of  its  feathers,  and  you  will  still  find  its  heat  greatly 
above  that  of  the  air ;  whereas,  if  a  heated  substance 
be  enveloped  in  feathers,  and  left  exposed  to  the  air,  it 
will  soon  become  as  cold  as  the  air.  Driven  from  this 
explanation,  you  will  ask,  How  is  it  that  the  bird  is 
enabled  to  preserve  a  steady  temperature  of  a  high 
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degree  amid  unsteady  influences  from  without  ?  The 
answer  is  obviously  to  be  sought  in  the  organism  and 
its  processes,  not  in  any  external  influence  ;  and  a  cer- 
tain Philosophy,  somewhat  rash  and  ready,  fond  of 
phrases  and  impatient  of  proof,  will  assure  you  that 
the  bird,  as  an  organised  body,  is  absolved  frt)m  the 
law  of  equilibrium  which  rules  all  inorganic  bodies,  be- 
cause the  bird  is  endowed  with  a  "vital  principle 
which  suspends  the  action  of  physical  laws.'" 

This  explanation,  which  to  many  has  seemed  satis- 
factory, labours  under  two  disadvantages — ^first,  that  it 
iavokes  the  operation  of  a  "  vital  principle,"  of  which 
we  can  form  no  definite  conception ;  and  secondly,  that 
the  assumed  suspension  of  physical  laws  is  a  pure  fig- 
ment. The  organism,  living  or  dead,  radiates  heat  with 
equal  facility ;  but  when  living,  it  produces  heat  to 
compensate  the  loss  ;  and  when  dead,  it  no  longer  pro- 
duces heat,  so  that  it  speedily  becomes  as  cold  as  the 
external  air.  The  processes  of  Life  do  not ''  suspend'' 
the  operation  of  physical  laws,  although,  by  the  intro- 
duction of  more  complex  conditions,  they  bring  about 
results  which,  superficially  considered,  look  like  a  sus- 
pension of  those  laws.  A  close  analysis  always  detects 
the  physical  laws.  No  one  thinks  of  attributing  to  a 
spirit-lamp,  when  lighted  under  a  vessel  of  water,  the 
power  of  suspending  the  equilibrium  of  temperature, 
because  it  keeps  the  water  boiling,  in  spite  of  the  con- 
stant loss  of  heat  by  evaporation.  Without  the  lamp, 
the  boiling  water  would  speedily  cool  below  the  tem- 
perature of  the  air ;  mth  the  lamp,  it  may  be  kept 
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indefinitely  at  the  boiling-point,  if  fresh  water  be  from 
time  to  time  added  to  replace  what  has  evaporated. 
There  is  no  "lamp-principle"  suspending  physicallaws. 
Nor  is  there  any  such  mysterious  agent  in  Animal 
Heat.  Just  as  the  temperature  of  the  water  is  kept 
constant  by  the  continual  reproduction  of  heat  equal- 
ling the  amount  lost,  so  is  the  temperature  of  the  bird 
kept  constant  by  a  continual  reproduction  of  heat 
within  ;  and  although  the  vital  processes  by  which  that 
reproduction  is  efifected  are  very  far  from  exhibiting 
the  simplicity  of  the  spirit-lamp,  and  are  indeed  still 
involved  in  great  obscurity,  yet  we  know  that  physical 
laws  are  in  no  sense  suspended  thereby,  and  that  the 
living  animal  has  the  tendency  to  establish  an  equili- 
brium between  its  temperature  and  that  of  the  objects 
surrounding  it. 

We  have  only  to  extend  our  investigations  and  ex- 
amine the  temperature  of  the  other  organised  bodies — 
seaweeds,  zoophytes,  molluscs,  and  fish — during  these 
changes  which  seem  not  to  have  affected  the  bird,  to 
find  that  this  mysterious  "  vital  principle"  suddenly 
fails  altogether.  It  here  abdicates  its  autocratic  power. 
It  suspends  no  laws;  on  the  contrary,  it  permits  equili- 
brium to  be  established  unopposed.  The  seaweeds  are, 
within  a  very  slight  fraction,  as  cold  as  the  water, 
and  get  wanner  as  the  water  warms.  The  zoophytes 
have  no  appreciable  superiority  of  temperatura  The 
fish  are  only  two  or  three  degrees  warmer.  Either  we 
must  give  up  the  explanation  which  the  vital  principle 
seemed  to  afford,  or  we  must  deny  that  the  cold-blooded 


HOW  TEMPERATDRB  IS  UEASUBID.  409 

animab,  as  they  are  called,  hare  any  vital  principle  at 
all  Id  vain  will  a  refuge  be  sought  in  the  greater 
cooling  agency  of  water  over  that  of  lur ;  for  although 
something  must  be  allowed  for  this,  we  cannot  by  it 
account  for  the  enormons  disproportion  between  the 
temperature  of  the  fish  and  the'  bird  ;  and  for  these 
reasons :  The  Bonito,  equally  subject  to  this  cooling 
agency  of  water,  preserves  a  constant  temperature  of 
20°  above  the  sea ;  and  the  temperature  of  the  Nar- 
whal is  nearly  that  of  man — namely,  96°  Fahrenheit. 
Moreover,  while  some  marine  animals  are  thus  inde- 
pendent of  the  temperature  of  water,  serpents,  lizards, 
and  &ogs  are  dependent  on  tbe  temperatore  of  the  air. 
Before  entering  further  into  this  subject,  it  will  be 
well  to  glance  at  the  instruments  by  which  pbysi(J(^;ists 
measure  the  delicate  differences  in  amount  of  heat 
which  different  animals  and  plants  produca  Of  tiie 
various  thermometers  we  need  say  nothing.  Bat  there 
are    thermo  -  electrical  fu.  27. 

instruments  which  need 
ezplanation.  Fig.  27 
represents  a  thermo  - 
electric    couple.       Its 

constrnctjon  rests  on  the  fact  that  two  metals  sol- 
dered together  develop  electric  currents  when  their 
solders  are  maintained  at  different  temperatures.  Two 
bars  of  copper  (c,  c)  are  soldered  to  a  bar  of  iron  (f), 
and  their  two  extremities  (M,  n)  are  in  contact  with 
the  wires  of  the  galvanometer  (o) ,  so  long  as  the  sol- 
ders (b,  b')  remain  at  the  same  temperature  no  electric 
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current  passes;  and  the  magnetic  needle  of  the  gal- 
vanometer  remains  motionless.  But  the  instant  one 
of  these  solders  is  heated,  the  needle  moves.  It  is  on 
this  principle  that  Becquerel  invented  his  tfiermO'eleC' 
trie  needles   with  median    solder  (Fig.   28).    Each 


Fig.  28. 


needle  is  composed  of  a  copper  and  an  iion  half  of 
equal  length  and  thickness,  soldered  end  to  end.  At 
one  extremity  each  iron  half  (f)  is  united  to  the  other 
by  an  iron  wire,  long  enough  to  permit  of  their  being 
kept  at  some  distance  apart;  at  the  other  extremity 
each  copper  half  (c)  is  fixed  to  the  wires  of  the  gal- 
vanometer. 

With  such  an  instrument  we  are  enabled  to  pene- 
trate, without  disturbance,  into  the  interior  of  the 
animal  tissues,  and  accomplish  what  no  thermometer 
could  attempt  We  can  test  by  it  the  temperature  of 
a  muscle,  or  of  the  blood  in  an  artery,  without  trou- 
bling the  circtdation.  For  instance,  let  us  desire  to 
know  the  temperature  of  the  muscles  of  the  arm,  at 
rest  and  in  contraction.  Fig.  29  wUl  show  the  method 
of  procedure.  One  needle  is  passed  through  the  mus- 
cles ;  the  other  is  placed  in  the  mouth.  The  patient 
breathes  only  by  the  nostrils  during  the  experiment ; 
and  all  the  time  a  small  thermometer  is  placed  under 
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his  tongue,  to  prove  that  the  temperature  of  the  mouth 
does  not  vary.    The  direction  of  the  needle  indicates  in 

Fig.  29. 


■JULfti^^^ 


rC* 


which  part  there  is  an  excess  of  heat ;  and  this  is  after* 
wards  calculated. 

Another  application  of  the  same  principle  is  that  of 
Dutrochet's  needles  with  latero-terminal  solder  (Fig. 
30).    An  iron  needle  (f),  bent  at  both  ends,  is  soldered 

Fig.  30. 


by  these  bent  ends  to  two  copper  needles  (c,  c).  With 
this  instrument  he  compared  the  temperature  of  a 
living  and  a  dead  insect,  as  represented  in  Fig.  31. 

Each  insect  was  fixed  on  a  stick,  d  d,  planted  in  the 
earth  of  a  flower-pot  a.    The  needles  were  then  thrust 
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into  corresponding  parts  of  the  living  and  dead  insect. 
Fig.  31.  and  being  in  communication 

with  the  galranometer  by  the 
wires  H  n,  the  deviation  of 
the  galvanometer  gave  the 
measure  of  the  temperstnre 
possessed  by  the  living  insect. 
The  same  instrument  serves 
to  measure  the  heat  of  plants. 
Fig.  32.  An  asparagus,  c.  is 
freshly  cut  and  placed  in 
water  to  keep  it  alive  ;  an- 
'  other  asparagus,  b,  is  kUled, 
and  the  two  are  then  tested 
Fig- SI  as  the  living  and  dead  insects 

were  tested. 

There  are  other  methods 
unnecessary  to  mention  here. 
The  result  which  has  been 
arrived  at  is  that  every  liv- 
ing organism  has  within  it  a 
source  of  self- supplying  heat 
The  amount  of  heat  thus 
supplied  will  depend  on  the 
amount  and  nature  of  the 
chemical  changes  which  take 
place  within  the  organism. 
Even  in  the  microscopic  animalcnles  snch  a  supply  ex- 
ists.   We  might  assume  this  a  priori,  but  we  can  esta- 
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blish  it  experimentally :  if  water  be  gradually  frozen 
under  the  microscope,  it  will  be  seen  that  the  last 
drops  which  solidify  are  those  which  surround  the 
animalcules,  and  have  been  kept  liquid  by  their 
heat. 

Oiganic  beiBgs  are  thus  distinguishable  from  the 
inorganic  in  possessing,  as  a  necessary  consequence  of 
their  vital  activity,  a  self-supplying  source  of  heat ;  and 
organic  beings  are  distinguishable  among  each  other 
by  the  rapidity  with  which  this  heat  is  supplied,  and 
the  facility  with  which  it  is  radiated;  and  not,  as  the 
current  classification  implies,  into  animals  with  warm 
blood,  animals  with  cold  blood,  and  plants  with  no  heat 
at  all.  There  are  no  animals  with  cold  blood,  and  all 
plants  produce  heat.  But  plants,  except  during  their 
periods  of  germination  and  flowering,  when  they  are 
sensibly  warmer  than  the  air,  produce  heat  so  slowly, 
and  part  with  it  so  easily,  that  their  temperature  always 
follows  that  of  the  medium  in  which  they  live ;  and 
the  so-called  "cold-blooded  animals"  produce  heat  so 
slowly  that  they  are  never  more  than  two  or  three  de- 
grees above  the  medium,  and  sometimes  even  below  it, 
owing  to  the  rapidity  of  evaporation  from  their  sur- 
faces. Insects — bees,  for  instance — produce  heat  with 
a  rapidity  equal  to  that  of  birds  ;  but  they  part  with 
it  so  rapidly  that  their  temperature  is  little  above  that 
of  the  air.  When  bees  are  collected  together  in  the 
hive,  the  heat  they  radiate  is  found  to  be  very  great 

Many  writers  object  to  the  old  distinction  of  warm 
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and  cold  blooded  animals  as  iinphysiological,  and  sug- 
gest that  the  distinction  should  be^  that  the  warm- 
blooded are  independent  of^  and  the  cold-blooded  de- 
pendent on,  the  external  temperature :  the  one  class 
preserving  its  normal  heat  under  all  variations  of  the 
external  medium,  and  the  other  class  growing  warmer 
and  colder  as  the  external  medium  rises  and  falla  But 
against  this  distinction  we  would  urge  three  argumenta 
First, — Both  classes  of  animals  are  dependent  on  the 
external  temperature,  and  both  are  independent  of  it ; 
they  are  dependent,  because  it  accelerates  or  retards 
their  vital  activities  by  which  their  own  heat  is 
evolved  ;  they  are  independent^  because  whatever  may 
be  the  amount  of  external  heat  or  cold,  their  own  tem- 
perature, being  really  evolved  in  their  vital  processes, 
is  always  restrained  within  certain  limits,  and  is 
almost  always  somewhat  above  that  of  the  external 
medium,*  until  a  limit  is  reached,  and  then,  if  the  ex- 
ternal temperature  continue  to  increase,  they  perish,  or 
their  heat  falls  below  that  of  the  medium. 

Secondly, — ^The  young  of  many  warm-blooded  ani- 
mals are  as  much  dependent  on  external  temperature 
as  frogs  and  fish  ;  and  even  the  adult  animals  of  the 
hybemating  class  are  in  this  category :  no  sooner  does 
the  external  temperature  fall,  than  their  heat  sinks,  and 
this  depression  continues  tUl  they  are  only  three  de- 
grees warmer  than  the  air. 

*  I  once  found  the  temperature  of  a  "cold-blooded  "  lisord  to  be  56" 
in  the  mouth,  when  the  air  was  at  54^  A  list  of  observations  on  tho 
temperature  of  the  cold-blooded  animals  will  be  found  in  Qavarrst  : 
De  la  C/uiUar  produite  paries  itres  vivants,  p.  123. 
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Thirdly,  —  While  the  foregoing  arguments  have 
shown  that  the  distinction  is  not  tenable  in  the  pre- 
sence of  facts,  we  would  farther  remark  that,  granting 
the  distinction  to  be  valid,  the  cause  would  still  have 
to  be  sought,  and  we  should  ask,  why  one  class  of 
animals  was  independent  and  another  dependent  on  the 
external  temperature  ?  In  fixing  attention  on  the  phy- 
siological differences  of  rapid  supply  and  rapid  radia- 
tion, as  the  real  ground  of  distinction,  we  avoid  .the 
objections  just  brought  forward ;  at  the  same  time, 
inquiry  into  the  cause  of  animal  heat  is  disengaged 
from  many  a  perplexing  digression. 

The  marvellous  balance  between  supply  and  loss 
exhibited  by  the  human  organism,  and  indeed  by  that 
of  most  warm-blooded  animals,  may  be  best  seen  in  the 
following  facts.  Our  temperature  is  98°,  and  this  is 
the  standard,  no  matter  what  may  be  the  external  heat. 
In  the  tropics,  the  thermometer  during  several  hours 
of  the  day  is  110^  In  British  India  it  is  sometimes  as 
high  as  ISO"".  In  the  arctic  zones  it  has  been  observed 
by  our  voyagers  as  low  as  90°,  and  even  102°,  below 
freezing  '  point.  Nevertheless,  amid  such  extensive 
variations  of  the  external  temperature,  that  of  the 
human  organism  has  but  slightly  varied,  and  a  ther- 
mometer placed  under  the  tongue  of  an  arctic  voyager 
will  show  the  same  degree  of  heat  as  one  under  the 
tongue  of  a  soldier  before  the  walls  of  Delhi  Through- 
out the  scale  of  200°  which  represents  the  variations  of 
climate  borne  by  our  voyagers  and  soldiers,  the  average 
temperature  of  the  human  organism  remains  steady  at 
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98**.  We  say  average,  because  the  same  man  is  not 
always  at  the  same  degree  ;  his  temperature  varies  at 
different  seasons,  different  hours,  and  under  different 
conditions ;  and  of  course  different  men  vary  among 
themselves.  Dr  Livingstone  remarks,  "  If  my  experi- 
ments are  correct,  the  blood  of  an  European  is  higher 
than  that  of  an  African.  The  bulb  of  the  thermome- 
ter held  under  my  tongue  stood  at  100^ ;  under  that  of 
the  natives,  at  98*."  *  This  was  most  likely  nothing 
more  than  an  individual  difference ;  but  the  point  is 
worth  investigating. 

It  is  the  opinion  of  M.  Gavarret,  who  has  earned  the 
right  to  speak  with  authority  on  this  subject,  that  even 
in  our  moderate  climates  the  temperature  of  the  adult 
man  will  osciUate  as  much  as  a  degree,  i.e.,  between 
36^50  and  37°.50  centigrade.f 

Although  the  organism  can  endure  a  heat  greater 
than  its  own,  yet  this  would  soon  be  fatal  if  continued. 
For  a  short  period  the  excess  of  temperature  can  be 
resisted  ;  and  it  is  astonishing  what  a  power  of  resist- 
ance we  possess.  Chabert,  the  once  celebrated  "  Fire- 
Eiug,''  who  used  to  exhibit  in  public,  amazed  his  audi- 
ence by  entering  an  oven,  the  heat  of  which  was  firom 
^OO""  to  600** ;  and  although  we  have  no  details  as  to 
his  own  temperature  when  subject  to  that  heat,  we  may 
be  sure  that  it  could  not  have  risen  many  degrees  above 

•  Livinostone's  Travels  in  South  Afri^xi,  p.  509. 

t  Gavarret  :  De  la  Chaleur  produtiepar  Us  itres  vitfantSf  1855,  p. 
100.  This  work  is  a  perfect  encyclopsedia  of  informaidon  on  the  sub- 
ject of  Animal  Heat.  It  is  from  it  we  have  borrowed  the  figures  giren 
above. 
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98*",  otlierwise  he  would  have  perished  ;  for  the  experi- 
ments of  Berger  and  Delaroche*  prove  that,  when  the 
temperatnre  of  animals  is  raised  11°  or  13°  above  the 
normal  standard,  they  perish.  Workers  in  iron-found- 
ries and  gasworks  are  constantly  obliged  to  remain  for 
some  time  in  air  which  is  as  high  as  250°,  yet  their 
own  temperature  remains  tolerably  uniform.  A  dog 
confined  in  a  heated  chamber  at  220°-236°,  in  which 
he  remained  half  an  hour,  was  found  to  have  gained 
only  7°  ;  and  while  the  external  temperature  stood  as 
high  as  236^  his  own  stood  only  at  108° 

It  thus  appears  that  warm-blooded  animals,  besides 
their  central  source  of  heat,  which  keeps  up  their  tem- 
perature in  spite  of  external  cold,  have  also  a  cooling 
apparatus  by  which  their  standard  of  heat  is  preserved 
in  spite  of  excessive  heat  outside.  What  is  this  pro- 
cess, which  prevents  the  equilibrium  of  heat,  and  can 
keep  the  animal  temperature  more  than  one  hundred 
and  fifty  degrees  below  that  of  the  atmosphere  ?  We 
can  easily  understand  why  a  kettle  of  water  can  be  kept 
at  boiling-point  in  a  cold  atmosphere,  so  long  as  a  flame 
is  underneath  it ;  but  how  can  that  water  be  kept  cold 
when  the  temperature  of  the  air  is  many  degrees  above 
boiling-point  ?  A  man  whose  temperature  is  98°  in  an 
atmosphere  of  60°,  suddenly  steps  into  an  atmosphere 
of  200°,  and  yet  his  own  warmth  is  scarcely  elevated. 
The  ordinary  explanation  of  this  surprising  fact  is,  that 
the  evaporation  and  exhalation  of  vapour  and  water 

*  Quoted  by  W.  Edwards,  De  F  Influence  des  Agent  Phyxiqutt  twr 
la  Vie. 
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from  the  surface  are  so  accelerated  by  the  excessive 
heat,  that  they  sufiBce  to  keep  the  man's  temperature 
from  riaing.    Let  na  look  more  closely  into  this. 

All  over  the  surfitce  of  our  bodies  there  are  scattered 
Tiir.  33.  millions  of  minute  orifices  which  open 

into  the  delicate  convoluted  tubes 
lying  underneath  the  skin,  and  are 
called  by  anatomists  sudoriparous 
glands  (Fig.  33).  Each  of  these 
tubes,  when  straightened,  measures 
about  a  quarter  of  an  inch ;  and  as, 
according  to  Erasmus  Wilson,  whose 
figures  we  follow,  there  are  S528  of 
these  tubes  on  every  square  inch  of 
the  palm  of  the  hand,  there  must  be 
uo  less  than  882  inches  of  tabing  on 
such  a  square  iucL  In  some  parts 
of  the  body  the  number  of  tubes  is 
even  greater ;  in  most  parts  it  is 
less.  Erasmus  Wilson  estimates  that 
there  are  2800  on  every  square  inch, 
on  the  average  ;  and  as  the  total 
<i  is  tbB  piitide  or  timber  of  such  inches  is  2500,  we 
ti^'eejiir  laym'diA  arrive  at  the  astounding  result  that, 
m™tm';  b  in  the  pi!  Spread  over  the  surface  of  the  body, 

pUlc;  f  thiiriitfeortriw 

Bkin  (dtrmi);  d  ths  there  are  not  less  than  twenty-mqnt 

ntcit^gUiiid.  tn  a  cavity  •'      " 

of  ouy  globules.  miUs  of  tubtfig,  by  means  of  which 

liquid  may  be  secreted,  and  given  ofi"  as  vapour  in 
insensible  perspiration,  or  as  water  in  sensible  per- 
spiration.    In  the  ordinary  circumstances  of  daily  life. 
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the  amount  of  fluid  which  is  thus  given  off  from  the 
skin  (and  lungs)  during  the  twenty-four  hours,  varies 
from  If  lb.  to  5  lb. ;  under  extraordinary  circum- 
stances the  amount  will  of  coiirse  rise  enormously. 
Dr  Southwood  Smith  found  that  the  workmen  in  the 
gasworks  employed  in  making  up  the  fires,  and  other 
occupations  which  subjected  them  to  great  heat,  lost 
on  an  average  S  lb.  6  oz.  in  forty-five  minutes  ;  and 
when  working  for  seventy  minutes  in  an  unusually 
hot  place,  their  loss  was  5  lb.  2  o^.,  and  4  26.  14  oz. 

Whatever  stimulates  the  circulation  of  the  blood 
at  the  surface,  will  necessarily  increase  the  action  of 
the  sweat-glands.  A  warm  atmosphere  or  a  warm 
bath  immediately  causes  the  surface-circulation  to  be 
increased.  Muscular  exertion  does  the  same.  That 
the  ordinary  amount  of  evaporation  and  exhalation 
will  be  greatly  raised  on  our  entrance  into  an  atmos- 
phere of  200*"  is  very  certain;  but  the  question  is, 
whether  this  amount  is  sufficient  of  itself  to  account 
for  the  enormous  difference  between  the  temperature 
of  the  animal  and  that  of  the  atmosphere  ?  We  must 
remember  that  not  only  is  man's  temperature  more 
than  100°  lower  than  iron  or  wood  in  such  an  at- 
mosphere, but  it  is  this  amount  lower  in  spite  of 
the  incessant  production  of  heat  taking  place  in  his 
own  organism,  by  the  chemical  changes  on  which  vital- 
ity depends — a  production  of  heat  which  will  suffice 
to  preserve  his  temperature  at  the  same  height,  if,  on 
quitting  this  atmosphere  of  200°,  he  plunges  into  a 
snow-bath.    For  a  short  period  a  man  can  enter  a 
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furnace  the  floor  of  which  is  red-hot,  the  air  being 
S50'',  yet  his  own  heat  will  remain  two  hundred  and 
fifty  degrees  below  this  ;  and  we  cannot  suppose  that, 
in  this  brief  period,  he  has  lost  enough  heat  by  evapo- 
ration to  prevent  his  own  temperature  rising.  What, 
then,  is  the  cause?  We  must  confess  inability  to 
answer  this  question.  For  some  time  we  fancied  an 
explanation  might  be  gained  &om  the  low-conducting 
power  of  the  animal  envelope,  which  would  prevent 
the  external  temperature  from  gaining  access  to  the 
internal  organs.  Wrap  a  jug  of  ice  in  flannel,  and  the 
ice  wiU  not  melt,  even  in  a  very  warm  room,  until  a 
considerable  time  has  elapsed.  It  is  on  this  principle 
that,  in  China,  they  baJce  ices.  An  ice  is  enveloped  in 
a  crust  of  delicate  pastry,  and  introduced  into  the 
oven.  The  paste  is  quickly  baked,  and  the  ice  is  still 
unmelted,  having  been  protected  from  the  heat  by  its 
envelope ;  and  thus  the  epicure  has  the  delight  of 
biting  through  a  burning  crust,  and  then  immediately 
cooling  his  palate  with  the  grateful  contents.  But 
although  the  envelope  of  the  warm-blooded  animal  is 
unquestionably  a  bad  conductor,  and  would  therefore 
suffice  to  account  for  the  animal's  not  getting  warmer 
during  a  brief  exposure  to  high  temperature,  this  ex- 
planation fails  when  confronted  with  experiments  which 
show  that,  during  a  longer  exposure,  the  temperature 
has  been  still  at  its  old  limit  The  following  experi- 
ment by  Berger  and  Delaroche  is  very  instructive  : — 
They  introduced  into  a  furnace  at  126°-143''  a  porous 
vase,  containing  two  wet  sponges  and  a  frog.    The 
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temperature  of  the  sponges  and  the  vase  had  been  pre- 
viously raised  to  lOl^-lOo* ;  that  of  the  frog  was  70°. 
At  the  close  of  the  first. fifteen  minutes,  the  vase,  the 
sponges,  and  the  frog  had  almost  an  uniform  tempera- 
ture, which  did  not  exceed  that  of  warmrblooded  ani- 
mais ;  and  this  was  maintained  pretty  constant  dur- 
ing two  hours.    It  is  remarkable  that,  to  reach  thia 
standard,  the  vase  and  the  sponges /e2Z  in  temperature 
about  a  degree  and  a  half,  whereas  the  frog  rose  as 
much  as  twenty-nine  degrees  in  fifteen  minutea    But 
frog,  sponges,  and  vase  maintained  themselves  from, 
twenty  to  forty-five  degrees  helow  the  external  tem- 
perature— ^namely,  at  the  temperature  of  warm-blooded 
animals.    From  this  it  would  seem  as  if  the  tempera- 
ture of  warm-blooded  animals  was  the  limit  which 
could  be  reached  by  organic  bodies  coincident  with  a 
free  evaporation  of  water  from  their  surfaces.     The 
vase  and  the  sponges  were  introduced  into  a  famace 
veiy  considerably  higher  than  themselves  in  tempera- 
ture ;  and  this  excess  of  heat  caused  an  evaporation  of 
their  water,  which  lowered  their  temperature  to  that 
point  where   the  rapidly-rising  temperature  of  the 
evaporating  frog  would  stop.    Now,  although  the  eva- 
poration from  the  surface  of  the  frog  would  have  had 
a  cooling  influence  from  the  first  minute  of  the  experi- 
ment, yet  we  see  that  this  cooling  influence  was  not 
great  enough  to  withstand  the  rapid  rise  of  the  animal's 
temperature,  until  the  point  was  reached  at  which  the 
fall  of  the  vase  and  sponges  had  ceased ;  and  this 
point  is  the  very  limit  which,  we  find  uniformly  in  the 

2i 
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warm-blooded  animaLs,  no  matter  what  the  external 
temperature  may  be. 

The  temperatnre  of  man  is  constant :  neither  the 
fluctuations  of  the  seasons,  nor  the  differences  of  lati- 
tude, bring  any  variation  in  his  standard.  No  fact  in 
science  is  better  established  ;  but  we  must  guard 
against  a  misconception,  and  add,  that  when  this  tem- 
perature is  spoken  of  as  constant,  it  is  not  the  heat  of 
individual  parts,  nor  of  individual  men  at  every  hour 
of  the  day  or  under  all  circumstances,  it  is  the  average 
temperature  of  the  internal  organs.  The  limits  of 
oscillation  are  narrow  indeed,  but  within  those  limits 
the  oscillation  is  incessant  I  found  that,  when  a 
thermometer  is  used  which  marks  fractions  of  a  degree 
so  small  as  one-tenth,  if  placed  in  the  mouth  of  a  man 
or  dog,  it  will  exhibit  an  incessant  oscillation  ;  and  it 
is  well  known  that  very  obvious  variations  occur  at 
different  periods  of  the  day,  and  under  different  cir- 
cumstances. Dr  John  Davy  found  that,  when  at  rest 
in  a  temperature  of  ST',  his  own  temperature  fell  as 
low  as  96°.7 ;  in  a  room  at  92°,  he  found  the  heat  of  a 
workman  had  risen  to  100^  Gierse  observed  that, 
before  dinner,  his  temperature  under  the  tongue  was 
98^78,  and  after  dinner,  99^5. 

VnsophisticcUed  Reader.—''  We  want  no  scientific 
authority  for  the  belief  that  variations  take  place,  since 
the  daily  complaints  of  our  fellow-citizens,  shivering 
or  perspiring,  render  the  fact  too  obvious  for  thermo- 
meters to  be  needed." 

Physiologicai  Lecturer. — "  Excuse  me,  sir ;  but  you 
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do  want  scientific  authority.  Without  the  thennome- 
ter^  you  cannot  say  whether  you  are  wanner  or  colder 
than  you  wera" 

U,  R. — "  What !  do  you  tell  me  I  don't  know  when 
I  feel  colder  ? " 

P.  L. — "  I  only  tell  you  that  you  don't  know  when 
you  are  colder.  What  you  maj  feel  is  another  question 
altogether.    Thermometers  do  not  measure  feelings.^' 

U.  R. — "  This  is  too  much  !  You  will  tell  me  next 
that  I  ought  to  trust  your  thermometer,  and  distrust 
my  sensations.  Before  venturing  to  light  a  fire  in  my 
room,  I  must  place  a  thermometer  imder  my  tongue  to 
see  if  I  am  really  as  cold  as  I  feel ;  and  next  July, 
when  I  am  sweltering  in  the  sun,  you  will  perhaps 
assure  me  that  I  am  wrong  to  complain  of  the  heat, 
since  I  am  only  at  98"* — ^not  a  degree  hotter  than  I  was 
in  December!" 

P.  i. — "0  Unsophisticated  Beader!  if  we  are  to 
talk  science,  let  us  be  accurate.  K  we  are  to  talk  the 
language  of  the  market  and  the  dining-room,  we  shall 
never  come  to  a  clear  understanding.  Were  you  ever 
attacked  by  an  intermittent  fever  V 

U.  R. — "  Yes ;  and  remember  distinctly  the  vehe- 
ment shivering-fit  which  commenced  it  Perhaps  you 
will  tell  me  I  was  not  colder  then,  nor  warmer  when 
that  fit  disappeared  and  I  seemed  on  fire,  eh  ? " 

P.  X. — "  Your  ironical  question  warns  me  of  your 
incredulity  when  I  shall  answer:  No,  you  were  not 
colder  when  you  shivered  under  the  heap  of  blankets 
which  they  in  vain  threw  over  you.    You  were  some 
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degrees  wanner.  T&e  application  of  that  thermometer, 
which  yon  seem  to  treat  lightly,  would  have  shown 
that,  whatever  your  sensations  may  have  said,  the 
actual  heat  of  your  skin  had  risen  six  or  seven  degrees  ; 
and  when  that  sensation  of  cold  was  succeeded  by  a 
sensation  of  burning  heat,  the  thermometer,  which 
knows  nothing  of  sensations,  but  measures  heat  only, 
would  have  shown  that  you  were  really  not  hotter  than 
during  the  cold  fit" 

U,  R. — "  That  is  very  staggering.  But  fevers  are  ex- 
ceptional things,  so  let  us  come  to  ordinary  life.  Do 
you  mean  to  say  that,  when  I  fed  cold  in  winter,  I  am 
really  not  colder  than  when  I  come  in  firom  the  walk 
which— according  to  my  sensations— has  warmed  me?" 

P.  L. — "  As  an  Unsophisticated  Reader,  liable  to 
chilblains,  your  feet  are  doubtless  colder  and  warmer 
under  these  two  conditions ;  and  the  thermometer 
placed  between  your  toes  before  you  walk  will  show  a 
temperature  of  66"*  perhaps,  while  that  of  the  air  is 
60^ ;  and  after  the  walk,  the  same  test  will  show  your 
feet  to  have  risen  as  high  as  96°.5.  But  if  I  regard 
you  as  a  scientific  datum,  and  think  only  of  your 
Animal  Heat  as  an  average,  I  am  forced  to  assure  you 
that  your  temperature,  variable  in  feet  and  hands,  has 
remained  constant  in  the  blood  and  internal  organ& 
A  thermometer  under  your  tongue  would  show  98** 
before  and  after  your  walk.  Exercise  had  increased 
the  circulation  in  your  limbs,  and  consequently  in- 
creased the  warmth  of  those  parts  ;  but  the  source  of 
your  heat  is  the  Blood,  and  that  has  not  wanned  or 
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cooled  with  exercise.  Dr  Jolm  Dayy  founds  after  a 
walk  in  the  open  air  at  40^  that  the  temperature  of 
his  feet  rose  to  96^.5  ;  of  his  hands,  to  97'' ;  while  his 
tongue  remained  at  9S''.  Another  day,  after  a  walk  in 
the  air  at  50^  his  feet  were  99^  his  hands  98",  and 
tongue  98^  Here  the  feet  were  even  warmer  than  the 
tongua  I  can  now  answer  your  question  without 
equivoqua  When  you  feel  colder,  it  is  because  the 
circulation  in  your  extremities,  or  at  the  surface,  is  less 
active  than  usual,  and  either  exercise  or  external  warmth 
is  necessary  to  restore  that  circulation ;  but  the  tem- 
perature of  your  blood,  and,  consequently,  of  those  in- 
ternal parts  more  abundantly  and  constantly  supplied 
with  blood — ^in  a  word,  your  Animal  Heat — remains 
unaltered." 

Our  Lecturer,  had  he  been  questioned,  woidd  have 
stated  that,  in  spite  of  this  remarkable  constancy  in 
animal  heat,  there  are  oscillations  even  in  that  of  the 
internal  organ&  The  temperature  varies  according  to 
Age,  Sex,  Food,  and  other  circumstances  We  cannot, 
it  is  true,  speak  with  any  confidence  as  to  the  exact 
share  which  any  one  of  these  circumstances  has  in  the 
variations  observed ;  the  case  is  so  complex,  and  im- 
plies the  concurrence  of  so  many  separate  influences, 
that  considerable  discrepancies  will  be  found  in  the 
results  attained  by  different  investigators.  Thus  the 
minority  of  writers  agree  that  in  infancy  the  tempera- 
ture is  higher  than  in  maturity.  A  thermometer  under 
the  armpit  of  a  new-bom  infant  will  stand  nearly  at 
100^ ;  and  although  it  falls  rapidly  to  95"",  yet  in  the 
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course  of  the  next  four-and-twenty  hours  it  will  rise 
again  to  99^5.  Between  the  ages  of  four  months  and 
six  years,  the  average  is  98°.9,  and  between  the  ages  of 
six  and  fourteen  it  is  99M6.  On  reading  these  figures 
the  physiologist  is  tempted  to  see  in  them  the  simple 
expression  of  the  fact  that,  during  infancy  and  child- 
hood, the  growth  is  much  more  rapid  than  it  after- 
wards is ;  and  this  rapidity  of  growth  implies  a  greater 
production  of  heat,  because  a  more  rapid  chemical 
action.  Nevertheless,  the  extensive  observations  of 
M.  Charles  Martins*  and  W.  F.  Edwards -f-  disturb 
the  simplicity  of  this  explanation,  and  cast  some  doubt 
on  it.  M.  Martins,  comparing  the  temperature  of 
fifty-six  ducks  and  ninety-seven  geese,  finds  that  in 
infancy  it  is  somewhat  less  than  in  maturity.  This 
fact  is  in  direct  contradiction  to  the  physiological  ex- 
planation ;  but  it  may  possibly  have  some  connection 
with  the  very  important  fact  established  by  W.  Edwards, 
namely,  that  young  animals  are  distinguished  from  the 
adult  less  in  the  degree  of  heat  which  they  attain  than 
in  their  want  of  power  to  resist  cold  by  rapid  produc- 
tion of  heat.  This,  as  we  attempted  to  show  just  now, 
is  the  distinguishing  characteristic  of  what  are  called 
the  warm-blooded  and  cold-blooded  animals ;  and  we 
shall  now  see  that  it  is  a  characteristic  of  Age  Ed- 
wards  removed  anew-born  puppy  from  its  mother,  and 
left  it  exposed  to  the  air  at  50°-60**.     It  rapidly  grew 

*  Mimaire  sur  la  Tempfrature  des  Oiseaux  du  Nord,  in  BROWN- 
Si^UABD :  Jowmal  de  la  Physiologie,  i.  22. 
t  W.  Edwards  :  De  T  Influence  des  Agent  Phynqiiet,  p.  132. 
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cold^  until  at  the  expiration  of  three  hours  it  was  only 
two  or  three  degrees  above  the  temperature  of  the  air. 
A  similar  result  was  observed  with  new-bom  rabbits, 
in  a  shorter  space  of  time.  With  the  new-bom  guinea- 
pig  nothing  of  the  kind  was  observed.  It  had  a  tem^ 
perature  equal  to  that  of  its  mother ;  and  this  it  pre- 
served whether  left  with  the  mother  or  removed  firom 
her.  Dogs,  cats,  rabbits,  and  other  warm-blooded 
animals,  therefore,  seem  in  their  earlier  periods  of  ex- 
istence to  resemble  the  cold-blooded  animals,  and  to  be 
dependent  on  external  warmth  ;  but  this  is  not  tme  of 
all  the  warm-blooded  classes.  Edwards  divides  those 
classes  into  two  groups,  one  of  which  comes  into  the 
world  cold-blooded,  the  other  warm-blooded.  If  we 
examine  these  groups  closely,  to  discover  some  external 
sign  by  which  they  may  severally  be  known,  we  find 
that  one  group  comes  into  the  world  with  its  eyes 
closed,  and  the  other  with  its  eyes  open.  The  reader, 
probably,  thinks  this  sign  of  very  smaU  value,  unta  we 
beg  him  further  to  remark  that  the  puppy,  whose  tem- 
perature was  so  dependent  on  external  warmth  during 
the  early  part  of  its  existence,  becomes  less  and  less  so 
as  he  grows  older,  till  at  the  end  of  a  fortnight  he  is 
almost  as  capable  as  his  parents  of  resisting  external 
cold — and  at  this  epoch  his  eyes  are  open.  Thus  the 
cold-blooded  period  is  predsely  coincident  with  the* 
bUnd  period. 

Is,  then,  Animal  Heat  dependent  upon  vision  ? — is 
it  in  any  degree  regulated  by  vision  ?  The  phenomena 
are,  indeed,  intimately  connected,  but  their  connec- 
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tion  is  not  that  of  cause  and  effect :  it  is  that  of  two 
effects  determined  by  one  cause.  Animal  Heat  is 
evolved  by  the  vital  changes  which  take  place  in  the 
organism  ;  and  only  when  that  organism  has  attained 
a  certain  degree  of  development  has  it  the  power  of 
evolving  sufficient  heat  to  resist  external  cold :  now, 
the  development  of  the  eyes  is  an  indication  of  the  de- 
gree of  development  reached  by  the  organism,  and  no 
sooner  is  the  animal  sufficiently  developed  to  use  its 
eyes,  than  it  is  also  sufficiently  developed  to  preserve 
its  normal  temperature.  The  young  puppy  cannot  see, 
and  is  forced  to  remain  near  its  mother  to  be  warmed 
by  her  ;  but  the  young  guinea-pig  sees  perfectly  well, 
and  runs  about  seeking  food  for  itself.  It  is  the  same 
with  birds.  Young  sparrows,  taken  &om  the  nest 
where  they  were  kept  warm  by  their  mother  and  by 
each  other,  rapidly  lost  about  30^  although  the  ex- 
ternal air  was  moderate  (63''),  so  that  their  own  tem- 
perature fell  to  three  degrees  above  that  of  the  air. 
A  similar  result  was  obtained  with  the  air  at  72''. 
As  these  birds  are  bom  without  feathers,  their  loss  of 
heat  might  be  supposed  to  be  owing  to  the  absence  of 
the  warm  covering  which  protected  their  parenta  It 
is  not  so,  however.  Edwards  completely  stripped  an 
adult  sparrow  of  its  feathers,  and  exposed  it  to  air 
at  65**,  in  company  with  a  young  sparrow  taken  from 
the  nest ;  the  young  one  had  the  advantage  of  down, 
and  in  some  parts  of  feathers  to  protect  it,  nevertheless 
its  temperature  quickly  fell  to  two  or  three  degrees 
above  that  of  the  air,  while  that  of  the  adult  scarcely 
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vaxied,  and  remained  SG"  above  that  of  the  air.  Al- 
though the  young  sparrows,  and  those  birds  which  are 
bom  imperfectly  developed,  require  the  heat  of  the 
nest  and  of  their  mother,  the  young  chick  preserves  its 
temperature  as  well  as  the  grown  hen  ;  but  the  chick 
quits  the  egg  in  a  state  of  development  which  permits 
it  to  run  about  and  feed  itself. 

Have  these  facts  any  application  to  man  ?  Are  we 
bom  cold-blooded,  like  blind  puppies  ?  Not  exactly ; 
yet  the  same  laws  are  in  operation  in  our  lorganisms 
as  in  the  organisms  of  the  puppy  and  the  sparrow. 
Edwards  relates  that  one  of  his  patients  gave  birth  to 
a  seven-months  child,  with  such  ease  that  the  child 
came  before  assistance  could  be  got.  He  arrived  two 
or  three  hours  afterwards,  and  found  the  child  vigorous, 
well  swaddled  in  clothes  before  a  good  fire  ;  yet  its 
temperature,  even  under  these  circumstances,  was  only 
90°,  or  five  degrees  below  that  of  the  average  of  a 
child  bom  at  the  proper  period.  Every  precaution 
was  taken  to  keep  the  in&nt  warm ;  had  not  such 
precautions  been  taken,  it  would  have  perished  as  a 
puppy  would  have  perished. 

Maternal  instinct  has  in  all  ages  and  in  all  climates 
taught  women  to  keep  their  in£Eints  warm.  Philoso- 
phers Iiave  at  various  times  tried,  by  logic  and  rhetoric, 
to  thwart  this  instinct.  Philosophy  has  been  eloquent 
on  the  virtue  of  making  infants  ''  hardy,"  and  has  de- 
clared that  cold  baths  and  slight  clothing  must  be  as 
''strengthening"  to  the  infant  as  to  the  adult.  Listen 
to  none  of  these  philosophers,  ye  mothers !    They  are 
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to  be  suspected  when  they  are  talking  physiology,  for 
under  such  circumstances  they  are  the  worst  of  guides, 
deceiving  themselves  and  you  by  that  fatal  facility 
which  intellectual  power  gives  them  of  making  ignor- 
ance look  like  knowledge,  and  of  so  speciously  arraying 
absurdity  that  it  looks  like  plain  oommon-sensa  It  is 
bad,  very  bad,  to  listen  to  grandmothers,  mothers-in- 
law,  and  nurses :  their  heads  are  mostly  mere  lumber- 
rooms  of  crotchets  and  absurdities;  but  it  is  better 
sometimes  to  listen  to  them  than  to  philosophers  who 
inspire  more  respect,  and  cannot  irreverently  be  treated 
as  "  old  women/'  Maternal  instinct  must  not  be  per- 
verted by  such  unphysiological  teaching  a^  that  of 
"hardening"  infants.  It  is  true  that  strong  infants 
can  endure  this  process,  but  it  is  certain  that  in  all 
cases  it  is  more  or  less  injurious ;  for  the  tmiversal  law 
is,  that  the  younger  the  animal,  the  feebler  its  power 
of  resisting  cold,  in  spite  of  its  possessing  a  higher 
temperature  than  the  adult. 

An  interesting  fact  is  elicited  by  Edwards  from  his 
researches,  namely,  that  although  the  younger  the 
animal  the  less  its  ability  to  resist  cold,  this  peril  is  to 
a  great  extent  evaded  by  the  comparative  impunity 
with  which  the  young  animals  can  be  subjected  to  a 
fall  in  their  temperature.  The  adult  better  resists  ex- 
ternal cold ;  but  if  the  resistance  be  overcome,  there  is 
greater  difficulty  in  re-establishing  the  normal  heat. 
In  proportion  as  the  faculty  of  developing  heat  in- 
creases, the  faculty  of  developing  it  after  a  considerable 
fall  decreases    One  sees  the  beneficial  operation  of  this 
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law  in  nature.  The  most  careful  bird  is  forced  to  quit 
her  young  from  time  to  time  in  search  of  food,  and 
during  her  absence  they  necessarily  become  colder ;  if 
she  is  absent  long,  or  if  the  nest  be  not  very  warm,  they 
will  undergo  a  loss  of  heat  which  would  be  perilous  to 
an  adult.  But  no  sooner  does  she  return  to  warm  them, 
than  they  regain  their  temperature  with  facility. 

Old  people  are  commonly  said  to  have  a  lower  tem- 
perature than  those  of  middle  age ;  but  Dr  Davy's  ob- 
servations do  not  confirm  this ;  he  found  no  such  dif- 
ference, nor  are  we  aware  of  any  evidence  by  which  the 
notion  can  be  established.  It  is  true  that  cold  is  not 
so  well  resisted  in  old  age.  Herein  old  age  aud  infancy 
agree. 

The  influence  of  Sex  has  not  been  much  investigated ; 
yet.  considering  the  differences  in  the  blood  and  res- 
piration  of  the  sexes,  we  might  expect  to  find  some 
striking  results  elicited  from  a  careful  comparison  of 
temperatures.  The  only  extensive  investigations  with 
which  we  are  acquainted  are  those  of  M.  Martins,  pre- 
viously cited :  from  one  hundred  and  ten  observations 
on  ducks  and  drakes,  he  finds  the  temperature  of  the 
females  to  be  somewhat  higher  than  that  of  the  males ; 
but  their  temperature  is  also  more  variable,  differing 
between  individuab  more  than  is  the  case  with  the  males. 
Between  women  and  men  there  seems  to  be  no  appre- 
ciable difference,  which  is  the  more  striking  from  the 
known  differences  in  their  blood  and  respiration. 

"Food  is  warmth,''  says  the  physiologist;  and  in 
one  sense  this  is  strictly  true,  namely,  that  Food,  by 


4:32      WHY  WE  ARE  WARM,  AND  HOW  WE  KEEP  SO. 

rendering  a  continuance  of  the  vital  processes  possible, 
must  bring  with  it  the  heat  to  be  eyolved  in  those  pro- 
cesse&  Bat  it  is  not  true  in  the  s^ise  in  which  the 
aphorism  is  frequently  employed,  namely,  that  Food  is 
the  fuel  which  is  burned  for  animal  heat  (like  coke  in 
a  furnace),  and  that  particular  kinds,  the  so-called 
Bespiratory  Foods,  are  those  we  ought  to  employ  as 
fuel  The  warmth  you  feel  after  eating  a  hearty  dinner 
is  not  really  an  increase  of  your  temperature,  but  a 
diffusion  of  it  to  the  extremities  and  the  surface.  Place 
a  thermometer  under  your  tongue  before  dinner  and 
after  it,  and  you  will  find  that,  in  spite  of  your  sensa- 
tions, the  thermometer  points  to  the  same  degree  at  each 
period.  Tet,  as  this  admits  of  another  interpretation, 
we  shall  adduce  the  less  equivocal  observations  of  M. 
Martins.  The  ducks  belonging  to  a  miller  near  Mont- 
peUier  were  fed  well  on  grains  every  morning  before 
being  turned  out  to  enjoy  themselves  in  the  river,  and 
every  evening  on  their  return  they  were  fed  again ; 
close  by,  there  lived  a  poor  waiter  on  the  lock,  who 
also  kept  ducks,  but  could  not  afford  to  feed  them  on 
grains,  like  his  richer  neighbour,  so  that  they  were  re- 
duced to  forage  for  themselves.  Here  accident  had 
arranged  the  conditions  of  a  good  scientific  experiment 
Living  in  the  same  air,  the  same  temperature,  and  in 
the  same  lock  of  the  river,  these  two  flocks  differed 
only  in  respect  of  the  grain  on  which  one  was  daily  fed. 
The  influence  of  food  would,  therefore,  here  be  manifest. 
What  did  observation  detect  ?  A  superiority  of  tem- 
perature amounting  nearly  to  a  degree  centigrade  (about 
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If**  Fahr.)  in  favour  of  the  well-fed  ducks.  M.  Martins 
adds  that  he  has  since  then  often  been  able  to  affinn 
whether  a  bird  has  been  well  or  ill  fed,  by  simply  as- 
certaining its  temperature. 

On  a  superficial  consideration,  this  would  seem  to 
be  convincing  evidence  that  those  physiologists  are 
correct  who  assert  "  food  to  be  warmth/'  in  the  crude 
sense  of  food  being  fuel ;  but  closer  attention  will  show 
that  the  evidence  supports  our  view  of  food.  Indeed, 
M.  Martins  has  furnished  us  with  irresistible  evidence ; 
"for,"  as  he  remarks,  "we  shall  greatly  deceive  our- 
selves if  we  imagine  that  a  better  quality  of  food  will 
suffice  to  raise  the  temperature  in  a  short  period.  Two 
drakes,  after  five  days  of  abstinence,  were  found  to  have 
a  temperature  of  41°.83  centigrade  (about  107**  Fahr.); 
I  then  fed  them  entirely  on  bran  and  herbs,  and  twenty- 
five  days  afterwards  their  temperature  was  42M4  (not 
quite  lOS"*  Fahr.)  Two  other  drakes,  with  a  tempera- 
ture of  41^40,  were  fed  abundantly  on  maize  and  hay : 
at  the  end  of  twenty-five  days  of  such  diet  their  tem- 
perature was  41^76" — ^that  is  to  say,  actually  less  than 
those  which  had  been  ill  fed !  This  may  seem  to  be  in 
contradiction  with  M.  Martins'  previous  observation  on 
the  well-fed  and  ill-fed  ducks ;  but  the  contradiction  is 
only  superficial :  the  reader  will  notice  that,  although 
the  temperature  of  these  well-fed  drakes  was  actually 
less  than  that  of  the  ill-fed,  it  was  also  less  when  the 
experiment  began ;  and  if  we  compare  the  rise  in  the 
temperature  which  took  place  in  both,  we  shall  find 
that  in  the  ill-fed  it  was  only  0°.S0,  and  in  the  well-fed 
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0^36.  This  difference,  slight  as  it  may  seem,  is  in 
favour  of  the  well-fed ;  and  when  such  slight  elevations 
are  continued  month  after  month,  they  may,  and  will, 
attain  a  superiority  amounting  to  one  degree.  Al- 
though, therefore,  this  experiment  confirms  the  pre- 
vious observation  of  the  influence  of  generous  food  in 
elevating  the  degree  of  animal  heat,  it  strikingly  dis- 
credits the  notion  that  the  food  is  burned  as  fuel  in  the 
organism. 

'^  Food*  is  warmth,"  because  food  famishes  the  pabu- 
lum of  the  tissues,  and  warmth  is  evolved  in  the  chemi- 
cal changes  which  go  forward  in  the  formation  and 
destruction  of  the  tissues.  But  food  is  not  fuel  only, 
as  some  physiologists  would  have  us  believe.  If  any- 
thing is  burnt,  it  is  the  tissues,  not  the  food;  our 
warmth  comes  from  the  organic  processes  which  make 
and  unmake  the  tissues.  The  proof  of  this  is  seen,  not 
only  in  the  foregoing  experiments,  but  even  more  con- 
vincingly in  the  experiments  on  starvation  which 
Chossat  and  Martins  have  performed.  We  shall  not 
here  repeat  those  of  Chossat,  because  they  are  well 
known,  and  the  results  are  accessible  in  ahnost  every 
text-book ;  but  those  of  Martins  will  be  new  to  our 
readers,  and  may  therefore  briefly  be  indicated.  He 
took  four  drakes,  and  submitted  them  to  several  suc- 
cessive periods  of  abstinence,  separated  by  periods  in 
which  they  were  abundantly  fed.  They  were  left  in  a 
tub  of  water  in  which  to  bathe,  and  their  habits  were 
unaltered;  nothing  but  the  solid  food  was  withheld 
during  the  days  of  the  experiment ;  and  in  order  to 
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avoid  the  diurnal  yariations  of  temperature  &oiu  com- 
plicating the  problem,  the  thermometer  was  always 
applied  at  the  same  hour  of  each  day.  The  birds  com* 
menced  the  period  of  fasting  with  a  temperature  of 
42^20  (lOS""  Fahrenheit),  at  the  close  of  a  period  of 
ample  nourishment 

After  24  hours'  abstinence  the  temperature  sank  to  41^84. 
„    48  „  „  „  ro«c  to  41^89, 

„     72  „  „  „  rose  to  41^91. 

„     96  „  „  „  roac  to  41^94, 

„  120  „  „  „  sank  to  U\e2. 

Here  we  see  that  twenty-four  hours'  £Eist  have  pro- 
duced a  striking  reduction  of  temperature ;  and  those 
writers  who  attribute  warmth  to  the  combustion  of 
food  may  fancy  they  see  evidence  for  their  opinion  in 
such  a  fact ;  but,  as  the  fast  is  prolonged,  the  tempera- 
ture does  not  continue  falling ;  it  rises :  so  that,  after 
ninety-six  hours  of  complete  abstinence,  the  tempen^ 
ture  has  risen  nearly  to  what  it  was  when  the  am'mal 
was  crammed  with  food.  We  have  only  to  add,  that 
this  is  in  perfect  accordance  with  the  observations  of 
Chossat  on  pigeons.  It  is  true  that,  after  the  fifth  day, 
the  temperature  suddenly  sinks ;  but  the  mere  increase, 
as  the  abstinence  is  prolonged  during  the  first  four 
days,  is  sufficient  to  show  that  animal  heat  is  not 
evolved  by  the  combustion  of  food. 

Having  examined  the  influence  of  Age,  Sex,  and 
Food,  we  may  now  cast  a  glance  at  the  influence  of 
the  Seasons.  Although  man  preserves  his  standard  of 
98**  in  the  tropics  and  in  the  arctic  zone,  he  does  so  in 
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virtue  of  the  power  his  organism  possesses  of  adjusting 
itself  to  changing  cirenmstancea  We  adjust  ourselves 
to  the  changing  seasons.  In  winter  we  are  as  warm 
as  in  summer,  because  in  winter  we  produce  more 
heat,  and  lose  less  by  evaporation  and  exhalation.  A 
cold  day  in  summer  is  incomparably  more  unpleasant 
and  injurious  than  a  day  of  equal  temperature  in 
autumn ;  and  the  coldest  day  in  summer  would  be  mild 
to  us  in  winter.  The  reason  is,  that  in  summer,  the 
cold  day  finds  us  unprepared.  The  organism  during 
summer  has  been  adjusting  itself  to  the  production  of 
less  and  less  heat,  and  if  a  cold  day  now  occur,  we  have 
less  power  of  resistance ;  we  are  somewhat  in  the  con- 
dition of  the  infant  animal,  which  has  not  yet  acquired 
its  full  power  of  heat-making.  It  is  on  this  principle 
that  we  may  explain  the  death  of  animals  exposed  dur- 
ing summer  to  a  degree  of  cold  which  in  winter  would 
scarcely  lower  their  temperature. 

We  are  not  all  blessed  with  the  same  capacity  for 
rapidly  developing  heat ;  we  are  not  all  blessed  with  the 
same  activity  of  the  circulation.  Yet  each  is  apt  to 
make  himself  the  standard.  B.  shivers,  and  complains 
of  the  cold ;  thinks  he  must  have  the  fire  lighted, 
though  it  be  June.  C.  is  amazed  that  any  one  can- 
possibly  be  cold  on  such  a  day;  C.  is  quite  warnL 
Perhaps,  after  reading  these  pages,  B.  will  learn  to  un* 
derstand  that  it  is  quite  possible  for  C.  to  be  comfort- 
able in  this  temperature ;  and  C.  will  leam  to  sympa- 
thise with  the  less  fortunate  B.'s,  who  shiver  when  he 
is  warm.    The  differences  may  arise  from  two  causes : 
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the  heat-producing  capacity  may  be  less,  or  the  circu- 
lation feebler.  The  stimulus  of  the  external  cold  in- 
creases the  activity  of  the  organic  processes  in  one 
man,  and  depresses  it  in  another.  That  this  is  the  real 
cause,  will  appear  on  examining  the  influence  of  cold 
on  the  various  classes  of  warm-blooded  animals.  One 
class — the  hybematers — is  so  incapable  of  resistinfi; 

that  it  falls  into  a  torpor ;  other  classes  are  forced  to 
seek  external  warmth  in  nests  and  holes,  as  we  seek  it 
in  warm  clothing  and  heated  rooms ;  others,  again, 
need  nothing  but  their  own  temperatura  In  spite  of 
the  active  respiration  of  a  mouse,  it  needs  a  warm 
nest^  and,  unless  in  active  exercise,  will  perish  if  ex- 
posed to  a  temperature  which  we  should  consider  mo- 
derate: we,  again,  should  perish  in  a  temperature 
which  the  cat  or  dog  could  endure  without  uneasiness. 

Among  men  there  are  some  who  resemble  the  mouse, 
and  others  who  resemble  the  cat.  The  slightest  fall  of 
temperature  causes  the  first  to  put  on  warmer  clothing, 
or  to  light  the  fire ;  at  which  their  robuster  friends  are 
liberal  in  sarcastic  allusions,  spoken  or  thought,  and 
are  somewhat  impatient  of  this  ''coddling/'  These 
sarcastic  friends  are  the  cats. 

It  is  important  to  bear  in  mind,  however,  that  this 
inadequate  production  of  heat  does  not  always  trans- 
late itself  by  the  expression  of  "chilliness ;"  the  efiect 
of  cold  is  often  totally  unlike  that  of  a  chilly  sensation : 
it  produces  a  vague  uneasiness,  a  feeling  of  depression, 
resulting  from  the  lowering  of  the  organic  activity ; 

2e 
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and  many  periodic  forms  of  disease  are  probably  con- 
nected therewith.  Without  positively  "feeling  cold,* 
the  person  so  affected  need  only  enter  a  well-warmed 
apartment^  to  be  at  once  aware  of  a  reinvigorated  con- 
dition. 

There  is  a  misconception  respecting  cold  which  may 
here  be  rectified.  Capt.  Fany  tells  ns  that  with  the 
thermometer  at  55'*  below  zero  —  that  is  to  say, 
87*  below  freezing-point, — ^if  no  wind  be  stirring 
the  hands  may  remain  uncovered  for  a  quarter  of  an 
hour  without  inconvenience;  whereas  with  a  fresh 
breeze,  even  when  the  thermometer  is  at' zero,  few 
persons  can  keep  the  hands  exposed  without  pain. 
The  fact  is  familiar  to  all,  that  wind  makes  the  bitter- 
ness of  a  winter  day ;  and  that  even  in  summer  an 
east  wind  is  bitter  and  sometimes  painfal.  But  why 
is  it  so?  Why  are  our  sensations  at  variance  with 
the  thermometer  ?  Why  do  we  feel  the  cold  td  be 
greater  on  a  windy  day  ?  The  reason  is  that  we  art 
colder ;  vf^feel  the  cold  to  be  greater  because  our  loss 
of  heat  is  more  rapid.  The  air  is  a  bad  conductor,  and 
unless  it  be  blowing  upon  us,  thus  continually  bring- 
ing fresh  air  in  contact  with  our  warm  bodies,  we  pro- 
duce heat  fast  enough  to  replace  what  is  carried  off ; 
but  when  the  air  carries  off  heat  faster  than  we  can 
produce  it, — when  the  evaporation  from  our  skin  is 
more  rapid  than  the  replacement,  then  we  have  a  con- 
tinuous sensation  of  cold,  because  then  our  skin  really 
is  cold.  A  dry  wind,  Uke  the  east  wind,  is  cold  be- 
cause it  promotes  a  rapid  evaporation  ;  a  moist  wind. 
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like  the  west  wind,  is  warm  because  its  moisture  re- 
tards evaporation. 

Dr  Watson,  in  his  Lectures,  gives  a  very  useful 
caution  against  the  readiness  with  which  we  may 
confound  the  effects  of  long  exposure  to  cold  with 
those  of  intoxication.  ''  There  is  too  much  reason  to 
believe  that  poor  wretches,  who  have  been  picked  up 
by  the  constables  in  the  streets  at  night  during  periods 
of  hard  frost,  have  been  supposed  to  be  drunk,  when 
in  truth  they  were  only  stupefied  by  cold."* 

When  is  cold  dangerous  ?  It  is  always  dangerous 
when  continuous  :  a  dash  of  cold  water,  or  of  cold  air, 
produces  a  reaction ;  but  a  continued  chilliness  will 
produce  disease.  There  is  a  danger  in  wet  feet,  but 
this  danger,  as  every  one  knows,  does  not  reach  the 
sportsman,  or  the  pedestrian,  unless  he  sit  still  with 
wet  feet ;  it  is  the  chilliness  which  comes  on  when 
evaporation  is  not  compensated  by  production  of 
warmth,  that  causes  the  eviL  Again,  it  is  dangerous 
to  drink  cold  water  after  violent  exercise  ;  but  not  at 
all  dangerous  to  drink  it  during  the  exercise,  before 
the  body  has  begun  to  cooL  The  organism  can  with- 
stand the  most  sudden  alternations  of  heat  and  cold^ 
but  they  must  be  sudden,  and  the  organism  must  be  in 
vigour.  A  Bussian  heats  himself  in  a  vapour  bath 
and  immediately  plunges  into  snow.  But  if  he  were 
to  wait  some  minutes  after  quitting  the  vapour  bath, 
and  allow  his  body  to  begin  cooling,  the  snow  bath 
would  probably  kill  him. 

♦  Watson  :  Practice  f^  Phync,  i.  91. 
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Theory  of  Animal  Heat.— It  will  be  necessaiy 
to  devote  a  few  paragraphs  to  that  theory  of  "  Why 
we  are  warm,  and  how  we  keep  so/'  which  has  ob- 
tained general  acceptance.  There  is  indeed  a  powerful 
and  ever-increasing  minority  which  rejects  that  theory, 
and  as  this  minority  seems  to  me  to  have  the  best  of 
the  argument,  I  will  first  state  what  the  theory  is,  and 
then  briefly  criticise  it 

Animal  Heat,  it  is  said,  is  the  effect  of  which  Bes- 
piration  is  the  cause.  In  Respiration,  oxygen  is  ab- 
sorbed, which  bums  the  carbon  of  the  food  into  car- 
bonic acid,  and  the  hydrogen  into  water ;  in  these  actb 
of  oxidation,  heat  is  generated,  for  no  combination  of 
a  combustible  substance  with  oxygen  can  take  place 
without  disengaging  heat  No  matter  whether  such 
oxidations  take  place  in  the  body  or  out  of  it,  rapidly 
or  slowly,  at  a  low  temperature  or  at  a  high  one,  the 
amount  of  heat  set  free  by  the  combination  of  a  given 
quantity  of  oxygen  with  a  given  quantity  of  carbon  or 
hydrogen,  is  always  and  everywhere  the  same.  The 
oxidation  of  the  carbon  of  the  food  will  liberate  pre- 
cisely as  much  heat  as  if,  instead  of  being  spread  over 
along  time,  the  combustion  had  taken  place  in  a  vessel 
of  pure  oxygen.  Chemistry  assures  us  of  these  fact& 
Physiology  assures  us  that  oxygen  is  incessantly  ab- 
sorbed in  the  lungs,  and  that  carbonic  acid  and  water 
are  as  incessantly  exhaled  ;  and  further  assures  us 
that,  concurrently  with  this  absorption  of  oxygen  and 
exhalation  of  carbonic  acid  and  water,  there  is  an 
amount  of  heat  generated  which  would  be  generated 


THE  CHEMICAL  THEORT  OF  ANIMAL  HEAT.         441 

by  an  equivalent  combustion  of  carbon  and  hydrogen 
out  of  the  organism.  "It  is  obvious,"  says  Liebig, 
"  that  the  amount  of  heat  liberated  must  increase  or 
diminish  with  the  quantity  of  oxygen  introduced  in 
equal  times  by  respiration.  Those  animals,  therefore, 
which  respire  frequently,  and  consequently  consume 
much  oxygen,  possess  a  higher  temperature  than 
others,  which,  with  a  bddy  of  equal  size  to  be  heated, 
take  into  the  system  less  oxygen." 

Such  is  the  so-called  "  chemical  theory  of  Animal 
Heat"  We  have  already  seen  how  little  confidence  is 
to  be  given  to  the  notion  of  the  food  being  burnt  in 
the  organism  ;  and  when,  therefore,  we  hear  "  the 
carbon  of  the  food"  spoken  of  as  passing  into  carbonic 
acid,  and  disengaging  heat,  we  must,  if  we  accept  the 
theory,  declare  that  what  is  burnt  is  the  carbon  of  the 
tissues  made  from  that  food.  The  oxygen  which  is 
absorbed  in  the  lungs  does  not  then  and  there  combine 
with  carbon  in  the  blood,  and  generate  its  due  amoiuit 
of  heat ;  this,  which  was  formerly  believed,  is  now 
given  up  by  all  competent  physiologists.  In  giving 
up  this  idea,  we  must  follow  the  course  of  the  oxygen 
in  the  blood,  until  we  detect  it,  flagrante  delicto,  in 
the  act  of  burning  the  carbon  ;  but  this  has  hitherto 
escaped  all  researcL  We  are  in  utter  ignorance  as  to 
the  origin  of  carbonic  add  in  the  organism.  We  have 
many  plausible  explanations  as  to  how  it  may  arise, 
but  how  it  does  arise  we  do  not  know.  It  is  extremely 
doubtful,  according  to  Bobin  and  Yerdeil,  whether  any 
direct  oxidation  of  carbon  takes  place  at  all,  and  is  quite 
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certain  that  much  of  the  carbonic  acid  is  not  so  pro- 
ducei*  Without  venturing  farther  on  ground  so  deli- 
cate, we  will  sum  up  in  the  words  of  the  distinguished 
chemist  Begnault,  who  has  specially  studied  this  ques- 
tion: ''It  was  long  believed  (and  many  chemists  stiQ 
believe  it)  that  the  heat  produced  by  an  animal  in  a 
given  time  is  precisely  equal  to  that  which  would  be 
produced  by  the  burning  in  oxygen  of  the  same  amoimt 
of  carbon  and  hydrogen  which  is  found  in  the  carbonic 
acid  and  water  exhaled  in  that  time.  It  is  very  pro- 
bable that  animal  heat  is  entirely  produced  by  ihe 
chemical  actions  which  take  place  in  the  organism, 
but  the  phenomenon  is  too  complex  to  admit  of  our 
calculating  it  according  to  the  quantity  of  oxygen  con- 
sumed.*'-!"  The  simple  fact  that  the  carbonic  acid 
exhaled,  at  times,  contains  more  oxygen  than  has  been 
absorbed,  although  perfectly  intelligible  when  we  re- 
member the  influence  of  food  on  the  exhalation  of  car- 
bonic acid,  is  of  itself  enough  to  destroy  all  confidence 
in  such  calculationa 

As  an  example  of  the  heat  which  is  formed  in  the 
organism  by  the  processes  of  life,  not  reducible  to  mere 
oxidations,  let  us  consider  the  simple  fact  of  muscular 
contraction.  That  heat  is  liberated  every  time  a  muscle 
contracts  is  well  known,  and  the  experiments  of  Mat* 
teucci  and  Helmholtz   show  that  this  heat  is  quite 

•  RoBur  a  Verdeil  :  TraUi  de  Chimie  Anatomt'que^  ii.  38  teq.,  87, 
168,  462,  and  iii.  185  »«q.  Compare  also  Bernard  :  Liquides  de  FOr- 
ganiitMy  i.  441  teq,,  on  the  absence  of  proof  that  water  is  formed  in  the 
oiig^ism. 

t  Bbonault  :  Coun  EUmentaire  de  Chimie,  ii.  868. 
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independent  of  any  circnlation  of  the  blood.  The 
former  placed  several  frogs'  legs  in  a  glass  and  sur- 
rounded a  thermometer  with  them  ;  on  irritating  their 
nerves  so  as  to  produce  muscular  contractions,  tlie 
temperature  rose  in  the  glasa  Now  unless  it  be  main- 
tained that  oxidation  necessarily  precedes  or  accom- 
panies every  contraction  of  a  muscle,  it  will  be  obvious 
that  oxidation  is  not  the  sole  source  of  Animal  Heat ; 
and  when  we  reflect  on  the  enormous  amount  of  mus- 
cular  contractions  of  all  kinds  which  take  place  within 
the  organism,  we  shall  see  that  from  this  source  alone 
a  large  amount  of  heat  must  arise.  The  same  is  true 
of  all  organic  processes. 

While,  therefore,  it  is  still  undecided  whether  car- 
bonic  acid  and  water  arise  in  the  organism  by  a  process 
of  direct  oxidation,  the  theory  of  Animal  Heat,  which 
is  based  on  such  an  assumption,  must  necessarily  be 
held  questionable.  Meanwhile  we  may  look  a  little 
closer  into  the  evidence  which  declares  that  Animal 
Heat  is  the  direct  product  of  Bespiration,  rising  and 
falling  with  it,  dependent  on  it,  as  effect  upon  cause. 
That  a  mass  of  evidence  can  be  adduced  is  perfectly 
true,  because,  whatever  theory  we  may  form,  we  must 
still  perceive  that  an  intimate  relation  necessarily  ex- 
ists between  Bespiration  and  Animal  Heat ;  if  only  on 
the  ground  that  all  vital  processes  are  intimately  re- 
lated, and  in  the  organism  one  function  is  necessarily 
dependent  on  another.  The  question,  however,  is  not 
whether  an  intimate  relation  exists  ;  but  whether  the 
causal  relation  exists,  whether  the  two  phenomena  are 
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in  invariable  correspondence,  the  one  never  feeble  when 
the  other  is  energetic — the  one  never  acting  after  the 
other  has  ceased. 

Disregarding  the  mass  of  evidence  which  may  be 
adduced  in  favour  of  the  correspondence,  let  us  here 
fix  our  attention  solely  on  some  striking  exceptions. 
The  cases  are  by  no  means  very  rare  in  which  a  corpse 
has  preserved  a  high  temperature  for  many  hours ;  and 
as  Bespiration  must  altogether  have  ceased,  these  cases 
have  great  significance  for  us.  Dr  Livingstone  men- 
tions a  case  which  came  under  his  own  eye,  of  a 
Portuguese  lady,  who  died  of  fever  at  three  o'clock 
in  the  morning  of  the  26th  ApriL  "  The  heat  of  the 
body  continued  unabated  till  six  o'clock,  when  I  was 
called  in,  and  I  found  her  bosom  as  warm  as  ever  I 
did  in  a  living  case  of  fever.  This  continued  for  three 
hours  more.  As  I  had  never  seen  such  a  case  in  which 
fever-heat  continued  so  long  after  death,  I  delayed  the 
funeral  till  unmistakable  symptoms  of  dissolution  oc- 
curred.'' Mr  George  Bedford  informed  me  of  a  case 
which  he  had  under  his  own  eya  A  soldier,  given  to 
drink,  died,  I  forget  from  what  cause,  and  the  next 
day  Mr  Bedford  was  quite  startled  at  finding  the  body 
still  warm.  Dr  Bennett  Dowler,  of  New  Orleans,  has 
likewise  observed  that,  in  many  cases,  the  temperature 
rises  after  death ;  and  as  these  observations  are  cited 
by  so  eminent  an  authority  as  Professor  Dunglison, 
we  must  give  them  a  credit  which  might  perhaps  be 
refused  to  the  cases  previously  mentioned.  Dr  Dowler 
found  that  where  the  highest  temperature  during  life 
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was  lO^**  under  the  armpit,  it  rose  to  109°  in  ten 
minutes  after  death  ;  fifteen  minutes  afterwards  it  was 
113**  in  an  incision  in  the  thigh ;  in  one  hour  forty 
minutes,  it  was  109°  in  the  heart  Three  hours  after 
all  the  viscera  had  been  removed,  an  incision  in  the 
thigh  showed  the  temperature  to  be  110°. 

When  we  remember  that,  even  after  death,  processes 
of  growth  and  secretion  have  been  observed  to  take 
place,  there  is  nothing  incredible  in  these  examples  of 
continued  heat  after  death  ;  but  we  cannot  see  how  the 
advocates  of  the  Bespiration  theory  reconcile  such  facts 
as  the  complete  absence  of  Respiration  during  several 
hours,  with  no  diminution  of  Animal  Heat  Accord- 
ing to  theory,  the  two  phenomena  are  in  immediate 
dependence,  the  intensity  of  heat  corresponding  with 
the  energy  of  respiration ;  but  here  there  is  no  respira- 
tion, nor  has  there  been  any  for  some  hours,  yet  the 
heat  continues  to  be  produced.  If  it  is  said  that  the 
oxygen  breathed  during  life  sufiSces  to  keep  up  the 
oxidation  after  death ;  the  answer  is,  that  on  this 
reasoning  aU  bodies  should  continue  warm  many  hours 
after  deatL 

There  are,  moreover,  numerous  facts  which  show  a 
similar  want  of  correspondence  between  the  energy  of 
respiration  and  the  intensity  of  heat.  In  tetanus,  for 
example,  the  temperature  has  been  known  to  rise  to 
110° — an  amazing  height;  yet  no  corresponding  in- 
crease of  respiration  is  noted.  In  women  the  energy 
of  Sespiration  is  strikingly  inferior  to  that  in  men ;  ac- 
cording to  Barral,  40  per  cent  less.    Yet,  although  they 
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'*  bum"  so  much  less  carbon  than  men,  their  temper- 
ature is  scarcely  lower,  if  lower  at  alL  We  lay  more 
stress  on  this  fact,  becanse  it  is  the  expression  of  the 
normal  condition  of  the  organism.  In  all  cases  of 
disease  there  is  a  possibility  of  some  totally  new  con- 
ditions which  render  oar  inferences  inapplicable ;  but 
in  the  natural  breathing  of  ordinary  men  and  women 
we  may  expect  to  see  the  unobstructed  action  of  the 
law  which  connects  Respiration  with  Animal  Heat 
According  to  theoiy,  women  ought  to  have  a  very 
much  lower  temperature  than  men,  for  they  exhale 
veiy  much  less  carbonic  acid  in  respiration,  and  must 
therefore  "burn"  less  carbon.  According  to  fact, 
women  have  as  high  a  temperature  as  men.  It  looks 
plausible  when  we  read  that  the  amount  of  heat 
liberated  must  increase  or  diminish  with  the  quantity 
of  oxygen  introduced  in  equal  times  by  respiration ; 
yet  this  plausibility  becomes  troubled  when  we  find 
Animal  Heat  sometimes  bearing  no  such  relation  to 
the  amount  of  inspired  oxygen.  The  woman  is  as 
warm  as  the  man,  with  feebler  respiration. 

When  we  take  a  general  survey  of  the  animal  king- 
dom,  the  correspondence  between  energetic  respiration 
and  high  temperature  is  very  striking,  and  affords  that 
evidence  to  which  allusion  was  made  just  now  in 
favour  of  the  current  theory.  The  cold-blooded  ani- 
mals are  all  feeble  breathers,  and  the  most  energetic 
breathers  are  the  warmest-blooded.  A  mollusc,  a  fish, 
a  frog,  a  quadruped,  and  a  bird,  represent  the  various 
stages  of  this  correspondence.    The  absorption  of  oxy- 
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gen  is  smallest  in  the  mollusc,  and  greatest  in  the 
bird.  The  mollusc  has  the  temperature  of  the  me- 
dium in  which  it  lives,  or  is  so  slightly  raised  aJbove 
it  that  our  ordinary  instruments  detect  no  elevation. 
The  bird  keeps  a  constant  temperature  of  110''. 

So  long  as  we  content  ourselves  with  such  gen- 
eralities, the  evidence  is  ample.  Indeed,  we  might,  a 
priori,  conclude  that  a  general  correspondence  would 
necessarily  be  observed,  because  of  the  general  connec- 
tion which  two  organic  functions  always  exhibit ;  but 
no  sooner  do  we  descend  from  generals  to  particulars 
-—no  sooner  do  we  compare  animals  with  each  other, 
than  the  correspondence  suddenly  ceases  to  lend  its 
aid  to  the  theory.  It  is  true,  as  a  general  fact,  that 
birds  have  a  higher  temperature  and  more  energetic 
respiration  than  quadmpeda  It  is  true,  moreover,  as 
a  general  fact,  that  in  birds  the  highest  temperature  is 
found  in  those  of  the  most  energetic  respiration,  the 
active  hawk  or  swallow  being  warmer  than  the  barn- 
door fowl ;  but  this  is  true  only  as  a  general  fact :  and 
if  we  continue  comparing  birds  together,  we  shall  find 
that  the  active  predatory  petrel  has  uniformly  a  much 
lower  temperature  than  the  domestic  duck.  Here  the 
correspondence  suddenly  fails.  "  If  we  bear  in  mind 
the  current  ideas  respecting  the  production  of  animal 
heat,"  says  Brown-S^quard,  parenthetically,  "  there  is 
assuredly  something  strange  in  the  fact  that  the  class 
of  birds  to  which  the  petrel  belongs  has  not  a  higher 
temperature  than  we  fiud  to  be  the  case.  The  active 
life  of  these  birds,  their  extreme  vigour,  the  rapidity  of 
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their  flight,  their  food,  so  rich  in  fatty  principles,  and 
the  warm  climate  in  which  many  of  them  live,  are  so 
many  circumstances  which  ought  to  give  them  a  high 
temperature."  As  M.  Brown-S^qnard  does  not  doubt 
the  current  theory,  he  is  inclined  to  attribute  this  dis- 
crepancy to  the  occasional  fasts  which  these  birds  are 
subject  to.  Being,  on  the  whole,  less  well  fed  than 
domestic  ducks,  they  are  therefore,  he  thinks,  lower  in 
temperatura  This  will  doubtless  have  its  influence  ; 
yet  differences  in  the  temperature  of  birds  cannot  be 
wholly  attributed  to  it :  for,  as  M.  Martins  finds,  ducks 
have  a  higher  temperature  than  geese.  Now,  inasmuch 
as  the  goose  is  as  well  fed  as  the  duck,  as  well  covered 
with  feathers,  and  as  energetic  in  respiration,  we  should, 
a  priori,  expect  it  to  have  a  higher  temperature  than 
the  duck,  because  it  is  a  general  law  that  the  smaller 
the  animal  the  greater  the  rapidity  with  which  it  parts 
with  its  heat ;  yet  the  inexorable  thermometer  shows 
the  duck  to  have  a  higher  temperature  than  the  goose. 
A  mouse  eats  eight  times  as  much  food,  in  propor- 
tion to  its  size,  as  a  man,  and  its  respiration  is,  accord- 
ing to  Valentin,*  eighteen  times  more  energetic ;  yet 
its  temperature  is  little  higher  than  that  of  man,  and 
its  power  of  resistance  to  cold  is  incomparably  lower. 
Birds  eat  six  to  ten  times  as  much  as  a  man,  in  pro- 
portion to  weight,  respire  much  more  vigorously,  and 
lose  less  heat  by  evaporation ;  nevertheless,  they  arc 
only  a  few  degrees  higher,  and  their  power  of  resistance 

♦  Valbntiw  :  Text-Book  of  Phytiology  (translated  by  W.  BBOraoK), 
p.  351. 
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to  cold  is  in  general  much  less.  Valentin  says  that  a 
dog  coDscunes  twice  as  much  oxygen  as  a  man,  in  pro- 
portion ;  yet  the  difference  in  their  temperature  is  very 
slight 

These  illustrations  suffice  to  show  that  no  invariable 
constancy  can  be  found  between  Respiration  and  Ani- 
mal Heat :  even  should  the  theory  we  are  criticising 
ultimately  turn  out  to  be  correct,  the  objections  we 
have  urged  will  still  retain  their  force,  not,  indeed, 
against  the  truth  of  the  theory,  but  against  its  incon- 
siderate interpretation  ;  they  will  retain  their  value  as 
indications  of  the  presence  of  physiologiccd  conditions, 
and  wiU  show  how  yarieties  in  the  organism  modify 
the  operation  of  the  general  physical  laws ;  thus  re- 
moving the  question  of  Animal  Heat  from  the  hands 
of  the  Chemist,  and  replacing  it  in  the  hands  of  the 
Physiologist.  Treating  the  question  as  a  physiological 
one,  we  are  forced  to  consider  Animal  Heat  as  deter- 
mined by  the  energy  of  two  processes,  one  of  produc- 
tion and  another  of  radiation.  Some  organisms  pro- 
duce heat  more  rapidly  than  others,  and  some  part 
with  it  more  rapidly.  The  temperature  of  the  organ- 
ism will  be  determined  by  a  balance  of  these  pro- 
cesse&  Insects  produce  heat  with  great  rapidity  ;  but 
they  part  with  it  so  rapidly  that  their  temperature  is 
as  low  as  that  of  the  reptile,  which  produces  heat  slowly. 
The  hybemating  animals  part  with  their  heat  more  ra- 
pidly than  other  warm-blooded  classes — ^part  with  it  too 
rapidly  for  the  maintenance  of  their  necessary  warmth 
when  the  external  temperature  falls,  and  thus,  the 
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balance  being  destroyed,  they  sink  into  the  condition 
of  cold-blooded  animals.    K  a  young  bird  and  an  adnit 
of  the  same  species  be  exposed  to  the  same  degree  of 
cold,  although  they  have  both  the  same  temperature  at 
starting,  the  young  bird  will  in  a  short  period  be  found 
to  have  a  much  lower  temperature  than  the  adult,  be- 
cause its  production  of  heat  has  not  been  sufficiently 
rapid  to  keep  pace  with  the  loss.    The  physiological 
causes  which  determine  this  rapid  loss  in  the  insect, 
the  hedgehog,  and  the  young  bird,  have  yet  to  be  in- 
vestigated, and  may  at  once  be  surmised  to  be  different 
in  each  casa    In  the  insect,  the  rapid  loss  is  probably 
owing  to  the  smallness  of  its  size,  and  the  free  pene- 
tration of  the  air  through  its  body.    In  the  hedgehog 
and  young  bird,  the  actual  loss  may  not  be  greater  than 
in  other  animals  of  the  same  size ;  but  the  effect  of 
cold  on  their  organisms  may  be  such  as  to  materially 
retard  those  processes  on  which  the  production  of  heat 
depends.     So  clearly  is  the  production  of  heat  regu- 
lated by  the  general  condition  of  the  organism,  that,  at 
different  seasons  of  the  year,  the  same  organism  will 
produce  different  amounts  of  heat  at  the  same  tempera- 
ture.   In  winter,  the  organism  is  in  its  greatest  heat- 
producing  condition;  in   summer  at  its   lowest.     If 
subjected  in  summer  to  a  temperature   of  zero,  its 
power  of  resistance  will  be  foimd  very  inadequate  to 
such  a  degree  of  cold ;  whereas  in  winter  its  power 
of  resistance  is  so  great  as  to  make  this  degree  of  cold 
perfectly  endurable.     The  usual  explanation  is,  that 
there  is  a  greater  amount  of  oxygen  contained  in  a 
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similar  volume  of  air  in  winter  than  in  summer,  so 
that  at  each  inspiration  a  greater  amount  of  combus- 
tion is  rendered  possible  But  this  is  unsatisfactory. 
In  the  first  place,  in  winter  as  in  summer,  the  tempera- 
ture of  the  mouth  and  lungs  is  constant,  and  the  cold 
air  entering  would  be  warmed  before  the  oxygen 
reached  the  blood ;  so  that,  unless  the  oxygen  is  in  a 
different  condition  in  winter  •  than  in  summer  (as  some 
maintain),  no  solid  argument  can  rest  on  the  difiPerence 
of  the  temperature  of  the  air.  In  the  second  place,  the 
experiments  of  W.  Edwards  do  not  admit  of  being  thus 
explained.  He  placed  sparrows  in  a  glass  vase,  the 
air  of  which  was  maintained  at  freezing-point,  in  the 
months  of  February  and  July.  This  air,  consequently, 
contained  the  same  amount  of  oxygen  in  each  case : 
and  as  the  apparatus  was  in  each  case  the  same,  and 
the  birds  the  same,  every  variation  in  the  result  would 
be  owing  to  the  temporary  condition  of  the  organisms. 
In  February  the  temperature  of  the  birds  only  fell  one 
degree  centigrade  during  the  first  hour,  remaining 
stationaiy  there  during  the  two  succeeding  hours ; 
whereas  in  July  it  fell  more  than  three  degrees  in  the 
first  hour,  and  continued  to  fall  till  the  dose  of  the 
third  hour,  when  it  had  lost  as  much  as  six  degrees 
This  experiment  by  no  means  tallies  with  the  proposi- 
tion laid  down  by  Liebig,  that  ''  in  different  climates 
the  quantity  of  oxygen  introduced  into  the  system  by 
respiration,  varies  according  to  the  tempei-ature  of  the 
external  air ;  the  quantity  of  oxygen  inspired  increases 
with  the  loss  of  heat  by  external  cooling ;  and  the 
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quantity  of  carbon  or  hydrogen  necessary  to  combine 
with  this  oxygen  must  be  increased  in  the  same  ratio ; " 
for,  on  the  contrary,  we  see  here  that  the  same  tem- 
perature of  the  external  air  will  at  different  seasons 
lower  the  temperature  of  the  same  bird  one  degree  or 
six  degrees.  The  cause  cannot  lie  in  the  external  air 
and  its  amount  of  oxygen,  but  in  the  organism,  and  its 
different  conditions  in  winter  and  summer. 

Has  it  never  occurred  to  you,  when  standing  beside 
a  pond  in  early  spring,  that  there  was  something  para- 
doxical in  the  fact  of  frogs  and  toads  crawling  at  the 
bottom,  and  never  once  rising  to  the  surface  to  breathe  ? 
They  are  animals  with  lungs,  and  in  summer  Uve 
mostly  on  land,  perishing,  indeed,  if  unable  to  get  out 
of  the  water  from  time  to  time  ;  yet  during  the  whole 
winter,  late  autunm,  and  early  spring,  they  pass  their 
time  under  water.  Puzzled  by  this  fact,  we  applied  to 
a  zoologist  for  an  explanation,  and  received  in  reply 
one  of  those  explanations  with  which  the  majority  of 
mankind  are  willing  to  be  content,  namely,  a  restate- 
ment of  the  fact  in  different  language.  Our  own  expe- 
riments and  observations  gave  no  explanation.  We 
found,  for  instance,  the  two  species  of  newt — ^land  and 
water  newts — behave  very  differently.  Both  have  plls 
when  young,  and  lungs  in  a  more  developed  condition. 
When  the  gills  of  the  land-newt  disappear,  the  possi- 
bility of  living  under  water  disappears :  the  animal 

• 

quits  the  water  for  ever,  and  you  meet  him  on  your 
staircase,  while  his  companion  the  water -newt  is 
still  in  the  aquarium,  and  only  occasionally  thrusting 
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his  head  above  water.  As  the  season  advances,  the 
water-newt  also  feels  the  need  of  occasionally  quitting 
the  water,  and  he  will  lie  basking  on  the  bit  of  stone 
or  wood  for  hours  together,  descending  into  the  water 
as  the  coolness  of  evening  descends.  To  keep  him 
under  water  for  many  hours  in  the  hot  weather^  is  to 
kill  him.  It  is  the  same  with  frogs  and  toads;  and 
the  reason  was  made  dear  to  us  by  the  experiments  of 
W.  Edwarda  He  found  that  as  long  as  the  tempera- 
ture of  the  water  is  no  more  than  fifteen  or  sixteen 
d^rees  above  freezing-point  (47*^-48**),  frogs  will  live 
the  whole  year  round  without  once  rising  to  the  sur- 
face. In  this  condition  they  breathe  only  by  the  skin. 
He  has  shown  the  relation  which  surface-respiration 
bears  to  pulmonary  respiration  in  these  animals  ;  and 
he  finds  that  the  skin  exhales  sufficient  carbonic  acid, 
and  absorbs  sufficient  oxygen,  to  supply  all  their  needs 
of  languid  life  at  this  temperature.  No  sooner  does 
the  temperature  of  the  water  rise,  than  the  vital  ac- 
tivity of  the  frog  increases ;  and  with  this  increase 
there  is  a  greater  need  of  oxygen,  a  greater  production 
of  carbonic  acid — ^in  other  words,  a  greater  energy  of 
Respiration,  for  which  the  skin  no  longer  suffices,"the 
lungs  are  called  upon  to  do  their  work ;  they  cannot 
do  this  work  in  the  water;  and  if  the  fr^g  be 
prevented  from  rising,  to  the  surface,  it  is  prevented 
from  breathings  and  it  perishes.  We  see  this  in 
spring.  The  frog,  or  newt,  occasionally  rises  to  exr 
pire  carbonic  acid,  and  absorb  oxygen  by  its  lungs.  It 
then  dives  under  the  surface  again.    As  the  season 
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advanoes,  the  risings  become  more  fireqaent,  till  in  the 
hot  weather  the  frog  lives  chiefly  on  land,  and  the  newt 
also  is  forced  to  expose  itself  to  the  air. 

These  facts  do  not  accord  with  the  hypothesis  of 
Animal  Heat  being  the  direct  effect  of  Bespiration ; 
for  we  do  not  see  the  frogs  get  wanner  because  their 
Bespiration  has  become  more  extensive,  but  their 
Bespiration  becomes  more  extensive  because  they 
are  warmer:  warmth  has  increased  the  activity  of 
their  vital  fdnctions,  and  has  increased  Bespiration, 
which  is  one  of  these.  We  know  how  intimately  de- 
pendent the  vital  fimctions  are  on  temperature,  and  in 
Chap.  VI.  we  saw  how  Bespiration  in  the  cold-blooded 
animals  uniformly  increases  in  energy  as  the  external 
warmth  increases,  up  to  a  certain  point;  and  we  are 
therefore  able  to  understand  how  it  is  that  a  low  de- 
gree of  vital  activity  will  be  found  coincident  wilih  a 
feeble  respiration  and  low  temperature,  while  a  high 
degree  of  vital  activity  is  coincident  with  eneigetic 
Bespiration  and  a  high  temperature,  without  our  being 
forced  to  admit  that  this  coincidence  implies  a  direct 
causal  relation  between  energy  of  Bespiration  and  Ani- 
mal Heat 

In  conclusion,  we  may  say  that  the  hypothesis  gen- 
erally adopted  respecting  the  production  of  Animal 
Heat  is  very  far  from  possessing  the  evidence  demanded 
by  science.  It  may  be  true ;  we  do  not  think  it  is 
true;  and  we  are  persuaded  that  it  is  not  proven. 
It  rests  on  two  pillars,  t*he  very  foundations  of  which 
are  insecure     The  first  of  these  is  the  chemical  hypo- 
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thesis  of  direct  oxidation  of  the  carbon  and  hydrogen. 
The  second  is  the  assumed  invariableness  of  the  rela- 
tion between  intaisity  of  heat  and  energy  of  respira- 
tion. We  are  not  warranted  in  afiSrming  either  of 
these  propositions ;  all  we  are  warranted  in  affirming 
is  this :  Animal  Heat  is  evolved  in  various  chemical 
and  physical  changes  which  occur  in  the  processes  of 
life,  and  is  consequently  in  direct  correspondence  with 
their  energy,  rising  in  intensity  as  they  become  more 
active,  and  falling  as  they  fall  We  have  every  reason 
to  believe  that  oxygen  is  the  great  inciter  of  such 
changes,  the  indispensable  condition  of  vital  activity  ; 
but  we  have  no  direct  evidence  that  these  changes  are 
all  oxidations ;  we  have  direct  evidence  that  some  of 
them  are  not  oxidations,  but  are  dependent  on  Respira- 
tion only  as  one  organic  process  is  dependent  on  an- 
other, and  as  Respiration  itself  is  dependent  on  them. 


END  OF  THE  FIBST  V0LT7ME. 


r 

2^ 


THE 


PHYSIOLOGY  OF  COMMON  LIFE 


THE 


PHYSIOLOGY  OF  COMMON  HEE 


BY 

GEORGE    HENRY    LEWES 

Autlwr  of  "  BcaM*  StudiM. ""  Ufc  of  Ooettie.''  fto. 


IN    TWO    VOLUMES 

VOL    IL 


WILLIAM    BLACKWOOD    AND    SONS 

£DINBURGH  AND  LONDON 
MDCCCLX 


PREFACE. 


Tine  object  of  the  following  Work  differs  froin  that  of 
all  other  works  on  popular  science  in  its  attempt  to 
meet  the  wants  of  the  Student,  while  meeting  those  of 
the  general  reader,  who  is  supposed  to  be  wholly  un- 
acquainted with  anatomy  and  physiology.  T)ie  many 
excellent  Treatises  which  exist  are  only  suited  to  the 
advanced  student ;  they  assume  a  knowledge,  and  a 
facility  of  apprehension,  which  can  only  issue  from  a 
practical  familiarity  with  the  subjects. 

The  remembrance  of  my  own  wants  and  difficulties 
led  me,  many  years  ago,  to  the  belief  that  the  wOrk 
which  was  really  the  most  suitable  for  general  culture, 
would  also  be  of  material  a^istance  to  the  Student 
Accordingly,  although  there  are  inany  topics,  interest- 
ing and  important  to  the  physiolo^t,  which  find  no 
place  in  this  wol:k,  becau36  they,  are  wtUiQut  the'  range 
of  general  culture,  I  have  done  my.  best  to  render 
the  exposition,  of  all  the  topics  selected,  on  a  level 
with  the  scietice  of  our  day.    . 
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In  pursuance  of  this  object  I  have  been  forced  to 
depart  very  widely  from  the  practice  of  other  popu- 
lar writers,  who  consider  themselves  bound  to  act  as 
"middle-men"  between  scientific  authorities  and  the 
public,  and  to  expound  facts  and  doctrines  as  they 
find  them.  I  could  not  adopt  this  easy  and  conve- 
nient plan.  I  could  not  bring  myself  to  publish,  on 
the  authority  of  respected  names,  statements  which  I 
knew  to  be  false,  and  opinions  which  I  believed  to  be 
erroneous.  After  having  laboured  earnestly  to  get 
at  the  truth,  it  would  have  been  disloyal  to  contri- 
bute in  any  way  to  the  spread  of  what  I  believed  to 
be  error.  All  that  I  felt  bound^  to  do,  was  to  state 
impartially  the  facts  and  opinions  current  among 
physiologists  ;  and,  when  those  opinions  seemed 
inadmissible,  to  state  the  ^reasons  for  their  rejection. 
There  is  therefore  a  great  deal  of  criticism,  and  much 
original  matter  in  this  work. 

It  is  in  the  chapters  on  the  Nervous  System  that 
the  greatest  amount  of  dissent  from  current  opinions 
will  be  found  ;  and  it  is  there  that  the  reader  will 
most  probably  feel  the  greatest  difficulty  in  agreeing 
with  me,  especially  if  he  be  versed  in  the  doctrines  of 
the  schools,  and  not  very  familiar  with  the  subjects 
through  direct  observation  and  experiment  I  can 
only  say  that  the  views  there  put  forth  are  the  result 
of  very  considerable  research,  embracing  molluscs, 
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bees,  beetles,  spiders,  locusts,  crabs,  fishes,  frogs, 
tritons,  lizards,  chickens,  moles,  mice,  rats,  cats, 
dogs,  sheep,  pigs,  calves,  oxen,  and  men. 

The  literature  of  each  subject  has  been  given  with 
as  much  falness  as  seemed  useful;  and  never  at 
secondhand,  unless  specially  acknowledged.  The 
deficiencies  in  this  respect  will  be  found  greatest  in 
the  English  department ;  the  reason  of  which  is  that 
my  purse  is  not  long  enough  to  command  the  Trans- 
actions, Journals,  and  Eeviews  in  which  my  country- 
men have  recorded  their  labours ;  and  1  have  not 
the  advantage  of  commanding  a  public  library.  It 
has  been  my  desire  to  render  every  one  his  due ; 
but  of  course  a  great  many  claims  have  been  passed 
over  in  ignorance. 

March  1860. 
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In  the  mighty  web  of  things  there  are  no  threads 
more  wonderflil  than  Sensation  and  Thought;  nor 
have  any  more  constantly  solicited  the  attention  of 
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philosopliers,  from  the  earliest  dawn  of  specnlatiye 
inquiry  to  the  angry  contests  of  to-day.  They  hare 
been  problems  eyeE-allurmg  and  eyer-bafi3ing :  one 
moment  the  threads  seemed  to  be  within  the  easy 
grasp  of  an  outstretched  hand,  only  to  vanish  again 
into  the  inextricable  confiision  of  tangled  mystery. 

Feeling  and  Thinking  are  of  too  profound  an 
interest,  and  too  closely  allied  with  all  vital  pheno- 
mena, not  to  find  a  large  place  in  the  "  Physiology  of 
Common  Life."  But  what  place  must  we  give  them  ? 
How  must  these  difficult  subjects  be  treated  ?  Their 
very  depth  and  extent  of  interest  oblige  us  to  select 
only  those  aspects  which  fall  strictly  within  the  scope 
of  this  work.  They  have  psychological  aspects,  and 
physiological  aspects,  both  of  great  importance ;  but 
as  our  business  here  is  not  to  discuss  any  but  phytio- 
logical  problems,  we  must  leave  untouched  the  discus- 
sion of  the  many  vexed  questions  of  Psychology,  and 
confine  ourselves  to  what  are  strictly  the  physiological 
aspects  of  Thought  and  Sensation. 

Psychology  is  the  science  of  Mind ;  Physiology  is 
the  science  of  life.  All  who  recognise  the  former  as 
a  science,  declare  its  aim  to  be  the  elucidation  of  the 
laws  of  Thought,  the  nature  of  the  Soul,  and  its  pre- 
rogatives. This  science  may  seek — and  I  follow  those 
who  think  it  ought  to  seek — ^important  means  of  in- 
vestigation in  the  laws  of  Physiology ;  just  as  Physio- 
logy itself  must  seek  important  aids  in  Chemistry  and 
Physics.  But  as  an  independent  branch  of  inquiry, 
its  results  cannot  be  held  amenable  to  physiological 
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canonB ;  their  validity  cannot  be  decided  by  agreement 
or  disagreement  with  physiological  laws.  To  cite  an 
example:  Psychology  announces  that  the  mind  has 
different  faculties,  and  that  each  of  these  faculties  may 
have  a  temporary  exaltation,  or  a  temporary  suspen- 
sion. This  fact  seems  established  on  ample  evidence, 
and  is  valid  in  Psychology,  although  hitherto  no  cor- 
responding fact  in  Physiology  has  been  discovered — 
neither  the  anatomy  of  the  brain,  nor  any  knowledge 
of  the  brain's  action,  can  be  adduced  as  furnishing  the 
evidence  ;  and  if  Psychology  were  absolutely  amenable 
to  the  conclusions  of  Physiology,  we  should  here  have 
to  doubt  one  of  the  most  indisputable  of  psychological 
facts.  On  the  other  hand,  it  is  no  less  certain  that 
the  physiology  of  the  Nervous  System  must  be  studied 
&ee  from  all  control  on  the  part  of  psychologists. 
If  we  do  not  prescribe  conclusions  for  them,  neither 
must  they  prescribe  conclusions  for  us.  To  them  we 
leave  the  laws  of  thought.  To  us  they  must  leave  the 
difficult  task  of  ascertaining  the  relation  between  Sen- 
sation and  the  various  parts  of  the  Nervous  System. 
After  this  explicit  statement  of  the  object  and  scope  of 
the  following  chapters,  I  trust  no  psychologist  will 
object  to  my  conclusions  if  they  fall  short  of,  or  run 
counter  to  his.  He  must  consider  himself  out  of 
court  Our  science  does  not  pretend  to  cope  with  the 
mysteries  of  his.  Those  mysteries  will  most  probably 
for  ever  remain  imsolved;  meanwhile  the  labours  of 
physiologists  have  made  it  possible  that  there  should 
be  at  least  a  science  of  those  vital  phenomena  con- 
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nected  with  the  Nervous  System  ;  and  "  thus,"  to  use 
the  fine  expression  of  Professor  Huxley,  "from  the 
region  of  disorderly  mystery,  which  is  the  domain  of 
ignorance,  another  vast  province  has  been  added  to 
science,  the  realm  of  orderly  mystery." 

The  reader  will  have  remarked  that  the  Nervous 
System  is  mentioned,  and  not  simply  the  Brain  ; 
although,  inasmuch  as  the  Brain  is  universally  held  to 
be  the  organ  of  the  Mind,  the  sole  centre  of  Sensation 
and  Thought,  there  might  seem  to  be  no  reason  for 
our  treating  any  other  part  of  the  Nervous  System  in 
this  inquiry.  My  reason  is  simple :  I  do  not  agree  in 
this  opinion  respecting  the  Brain  as  ''  the  organ "  of 
the  mind.  One  of  the  principal  conclusions  to  which 
fact  and  argument  will  direct  us  in  these  pages  will  be, 
that  the  Brain  is  only  one  organ  of  the  Mind,  and  not 
by  any  means  the  exclusive  centre  of  Consciousness. 
I  am  aware  of  the  paradoxical  air  such  a  statement 
must  have  in  these  days  ;  because  the  hypothesis  that 
the  Brain  is  the  sole  organ  of  Consciousness,  after  hav- 
ing been  execrated  as  a  heresy,  and  having  had  to  battle 
through  a  stormy  period  of  illiberal  opposition,  has 
now  settled  down  among  the  respectable  and  respected 
conclusions  of  philosophy.  K  I  venture  to  dispute, 
and  disprove,  this  conclusion,  it  is  because,  after  having 
for  many  years  devoutly  believed  it,  I  have  been  gra- 
dually led,  in  the  course  of  very  various  researches,  not 
only  to  a  different  conception,  but  also  to  understand 
the  source  of  the  original  error.  I 

It  will  be  understood  that  by  the  word  Mind  we  do 
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not  designate  the  intellectual  operations  only.  If  the 
term  were  so  restricted,  there  would  be  little  objection 
to  our  calling  the  Brain  the  organ  of  the  Mind.  But 
the  word  Mind  has  a  broader  and  deeper  signification ; 
it  includes  all  Sensation,  all  Volition,  and  all  Thought: 
it  means  the  whole  psychical  Life  ;  and  this  psychical 
life  has  no  one  special  centre,  any  more  than  the  physi- 
cal life  has  one  special  centre :  it  belongs  to  the  whole, 
and  animates  the  whole.  The  Brain  is  a  part  of  this 
whole,  a  noble  part,  and  its  functions  are  noble ;  but 
it  is  only  the  organ  of  special  mental  fhnctions ;  as  the 
liver  and  the  lungs  are  organs  of  special  bodily  func- 
tions. It  is  a  centre,  a  great  centre,  but  not  the  centre. 
It  is  not  the  exdusive  SensoriunL  Its  absence  does  not 
imply  the  absence  of  aU  consciousness,  as  I  shaQ  prove 
by  experiment  It  cannot  therefore  be  considered  as 
the  organ,  but  only  as  one  organ  of  the  Mind. 

The  ancients  seem  to  me  to  have  been  nearer  the 
truth  than  the  modems  ;  they  made  Mind  one  form  of 
lafa  Their  animtLa,  mind,  was  but  a  form  of  anima, 
soul  or  life.*  In  the  Greek  writers,  the  word  soul  (-^^^i) 
is  used  to  express  a  Vital  Principle.  And  this  use  of  the 
word  has  become  traditional;  but  isdiBcarded  by  the  phy- 
siologists and  psychologists,  who  not  only  separate  Mind 
from  Life,  but  give  Mind  a  special  centre — the  Brain. 

This  doctrine  of  the  Brain  is  nnderstood  in  two  dif- 
ferent ways  by  two  contending  schools.  The  one  re- 
gards the  Brain  as  the  original  agent;  the  other 

*  "  Nmio  aniTmiTn  atque  ftnimam  dico  conjunota  teneri 
Inter  se,  atque  usarn  naturam  confioere  ex  ae." 

Lucretius,  iii.  137. 
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regards  it  as  the  intennediate  instrument.  According 
to  the  one,  the  Brain  thinks  as  the  stomach  digests. 
According  to  the  other,  the  Brain  is  the  instminent 
of  Thought,  played  npon  by  the  Mind,  as  a  piano  is 
played  upon  by  a  musician.  These  two  schools,  how- 
ever opposed,  meet  on  nentral  ground  when  they  come 
to  Physiology.  It  matters  little  which  side  we  take : 
the  observed  phenomena  are  the  same,  whether  the 
brain  be  regarded  as  an  organ,  or  an  instrument  A 
piano  out  of  tune  will  yield  discordant  music,  let  the 
performer  be  never  so  skilful.  A  peimy- whistle  can 
never  have  the  clang  of  a  trumpet.  It  is  obvious, 
therefore,  that  on  the  structure  and  state  of  the  instru- 
ment will  depend  the  quality  of  the  sounds  produced. 
This  conclusion  is  the  only  one  which  concerns  the 
physiologist ;  he  is  not  bound  to  decide  between  the 
two  contending  schools ;  he  is  only  bound  to  ascer- 
tain, if  possible,  what  functional  relation  exists  between 
Mind  and  Brain.  As  far  as  I  have  been  able  to  see 
into  this  matter,  the  Brain  is  the  most  important  organ 
in  a  complex  apparatus  of  oi^ans — ^the  Nervous  System ; 
and  this  Nervous  System  has  one  general  property — 
Consciousness.  There  are  various  special  forms  of  Con- 
sciousness, but  they  are  all  intimately  allied.  Those 
forms  of  Consciousness  which  we  class  under  the  head 
of  Intelligence  and  Emotion,  are  mainly,  if  not  wholly, 
dependent  on  the  Braia ;  but  there  are  other  forms  of 
Consciousness  besides  these,  there  are  other  centres  of 
Sensation  and  Volition  besides  the  Brain. 
The  evidence  on  which  I  venture  to  depart  so  widely 
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from  the  established  doctrine,  will  be  brought  forward 
in  the  course  of  the  following  pages ;  meanwhile  this 
explicit  statement  of  the  point  of  view  adopted  will 
keep  the  attention  alert,  and  will  also  explain  why  the 
Nervous  System  in  general,  and  not  the  Brain  only, 
must  occupy  ua  It  is  a  system  eminently  deserving 
of  study.  By  its  agency  we  are  brought  into  those  re- 
lations with  the  external  world  which  give  rise  to  Sensa- 
tion. It  also  regulates  and  co-ordinates  all  the  processes 
of  life.  It  gives  unity  to  the  wondrous  multiplicity  of 
organs  and  their  actions,  making  each  depend  on  each, 
and  all  co-operate  to  one  end.  It  bestows  on  animals 
their  respective  rank  in  the  scale  of  beings :  the  more 
perfect  development  of  this  system  is  the  invariable  index 
of  a  more  complex  and  effective  organisation,  since  by 
it  a  multiplicity  of  different  organs  is  reduced  to  unity. 

L  The  2f attjee  of  the  Nerve-foece. — ^What  is 
the  force  which  acts  in  the  nerves,  and  which  brings 
various  parts  of  the  organic  mechanism  into  union  ? 
From  the  earliest  days  of  Science  there  have  been 
hypotheses  explaining  the  nature  of  this  force.  The 
hypothesis  of  "Animal  Spirits^'  reigned  undisturbed 
for  centuries.  These  spirits  were  said  to  be  secreted  by 
the  grey  surface  of  the  Brain ;  then,  descending  down 
the  Spinal  Chord  to  the  nerves,  they  returned  back  the 
same  way.  When  a  nerve  was  tied,  or  divided,  the 
passage  of  the  animal  spirits  was  prevented.  This 
hypothesis  is  dethroned ;  but  let  no  one  insult  it :  erro- 
neous it  may  have  been,  but  it  served  its  purpose  as  an 
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hypothesis,  and  helped  to  explain  the  observed  facts 
quite  as  well  as  any  succeeding  hypothesis  has  done. 
The  "nervous  fluid"  which  replaced  it  Was  not  a 
^hit  more  scientific ;  and  the  hypothesis  that  E3ectri- 
city  is  the  nerve-force,  although  having  more  evidence 
in  its  favour,  is  open  to  still  more  serious  objections, 
because  it  inevitably  tends  to  confuse  and  mislead  both 
theory  and  practice.  Whether  nerve-force  be,  or  be 
not,  identical  with  Electricity,  must  for  the  present  be 
considered  an  open  question.*  But  we  must  bear  in 
mind  that  even  should  the  evidence  finally  turn  out  to 
be  in  favour  of  the  electrical  hypothesis,  the  physiolo- 
gist would  still  have  to  consider  nerve-force  as  some- 
thing special — if  it  be  electricity,  it  is  electricity  under 
certain  special  conditions,  which  give  it  a  distinctive 
character,  only  found  in  the  living  nerve.  It  will 
always  be  nerve-force  for  him  ;  as  light  will  always  be 
light  to  the  student  of  optics,  although  the  philosopher 
may  prove  light  to  be  correlated  with  heat  and  motion. 
For  reasons  presently  to  be  adduced,  it  will  be  of 
great  advantage  to  have  a  particular  name  for  this 
nerve-force ;  and  as  I  shall  show  that  what  is  com- 
monly expressed  by  the  term  "nerve-force"  is  really 
decomposable  into  two  very  difierent  forces,  correspond- 
ing to  two  very  diiSerent  nerve-tissues,  I  propose  two 
names  :  Sensibility  (already  in  use,  although  restricted 
to  the  Brain),  as  the  property  of  ganglionic  substance  ; 

*  See  the  arguments  pro  and  con  in  LUDWia :  L^hueh  der  PhytioL 
Todd  and  Bowman  :  Phytioloffieal  Anatam^.  LoNOST :  TraUi  de 
Phytklogie,    Funkb:  Leh-buch  der  Phytiol, 
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and  NeurUihf,  as  the  property  of  nerve-fibre.  If 
the  etymology  of  the  latter  term  is  open  to  exception, 
the  adyantl^  of  its  being  readily  intelligible,  and  of 
going  well  with  Sensibility  and  Contractility,  may  be 
a  compensation.  Of  course,  no  stress  is  laid  on  this 
innovation :  it  is  simply  suggested  as  a  convenient 
teim,  requisite  to  give  precision  to  our  language  when 
talking  of  complex  nerve-actions. 

When  a  nerve-fibre  is  stimulated,  its  Neurility  is 
called  into  play.  If  the  fibre  be  in  connection  with 
the  Brain,  or  Spinal  Chord,  the  effect  is  a  sensation. 
If  the  fibre  be  in  connection  with  a  muscle,  the  effect 
is  contractioTiH  If  the  fibre  be  in  connection  with  a 
gland,  the  effect  is  secretion. 

But  before  this  can  be  fcdly  appreciated,  we  must 
describe  the  general  characters  of  the  Nervous  System. 

11.  Structube  of  the  Nebvous  System. — The 
nervous  system  is  composed  of,  1°,  nerves,  and.  If, 
ganglia,  or  centres.  The  nervous  tissues  (for  there  are 
two)  are  composed  of  nerve-fibres  and  nerve-cells.  Kg. 
34  (on  the  next  page)  represents  a  spinal  ganglion 
with  nerve-trunks :  the  ganglion  is  seen  to  be  com- 
posed chiefly  of  cells ;  the  nerve-trunks  of  fibres. 

These  nerve-fibres,  which,  when  arranged  in  bundles, 
and  enveloped  in  a  sheath  of  connective  tissue,  form 
nerves  and  nerve-trunks,  are,  strictly  speaking,  cylin- 
ders,  containing  a  more  or  less  liquid  substance. 

The  appearances  represented  in  fig.  35  differ  from 
those  of  the  fibres  in  fig.  34.    They  are,  however,  what 
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is  alvajs  seen  under  the  microscope,  after  the  tissae 
Fin.  84.  has  been  subjected  to 

pressura     The  fibres 
present  a  varicose  as^ 
pect,  vhich  arises  &om 
die  semi  -  liquid  con- 
tents being  displaced. 
The  size  of  the  fibres 
varies  considerably. 
Whether  nerve-fibres 
\,  a-K  fibres,  or  Uibulea* 
11  is  a  question  we  can- 
[I  not  pause  to  consider 
/  here,  since  it  is  one 
which  at  present  can 
have  bat  an  anatomi- 
cal interest     For  the' 
sake  of  convenience  we 
may  speak  of  them  as 
fibres.     In  bundles  of 
greater  or  smaller  cali- 
bre they  form  nerves ; 
and  isolated,  or  united, 
they  have  one  constant 
■*  '*"'"^bMrior''A  «id^uriop*R  "°"~  property,  which  I  pro- 
fAfwt  Lejdig.)  pose  to  nameNenrility. 

The  ganglia,  or  centres,  are  characterised  by  a  very 

•  Leeowbhhoek  {StUet  Worht,  iL  SOS)  wm  the  firat  to  desoribe 
tliem  a«  tubules ;  Bod  Ehbiubebo  subaequeatly  reTired  thtit  opluiou. 
It  ia,   howarer,  a  delicate  and  difficult  queatian,  apd  turns  upon 
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different  tissne ;  namely,  cells  and  granules.     Of  tbe 
granules  I  can  here  say  noUuDg,,  except  that  they  are 

SV.  35. 


Nebte-Pibbei  fboh  white  budstanui  of  THE  Main, 
o  a  a  Uu  BBiDi-Uqald  contmta  prewed  ont  nod  Baaliog  u  iirc^lar  drapt. 
(Altar  Dalton.) 

too  often  neglected  aa  of  no  acconnt  The  cells  are 
peculiar,  and  often  readily  distmgmsbable  from  all 
other  animal  cells.     In  size  they  vary  from  the  300tb 

wbetiortbe  thread  which  we  flnd  forming  tho  central  siia  of  the  narre- 
fibre  ii  nonna),  or  the  product  of  ooagulntjon.  Comp.  BiDDEB  and 
KUPP^ER  ;  Untenackungtii  ttbcr  die  Ttrtiir  Jet  JiHrtenmarti,  p.  23  ; 
Bod  KoLUKER  :  OtatbdeArt,  lEUS,  p.  278.  Indeed,  on  thii  bb  oh  moat 
queatlotiB  coniiect«d  with  the  hiatolog?  of  the  nonouB  ayBtem,  the 
student  will  find  an  immensa  mam  of  material,  the  following  being  the 
most  important ; —KoLU SIR :  Mitrci.AnaL  and  OevtbeUhre,  L^tdio: 
Ltlarlmtk  dtr  SiMolOfpt.  GiRLAOH  ;  OewtbtUhrt.  Stjlliho  ;  VAer 
den  Bau  dtr  fftrcfn-primilic-fiutr.  BiDDEB  und  KcfPfeh  (as  abore). 
Lbhhoshek:  JVimoirmrla  Stnti^rt  intinit  dt  la  MailU  $piaiirt  in 
the  AnsaUt  da  Scienca,  1S£7,  tome  viL  FaIVRE  :  Hitloliigii  du  Syi. 
tiMiNertetac.  ToDDandBowuiH  : /'Ayiig%Ka/jlnaliiiNy.  UnbappUj 
OTerybody  diffen  from  everybodj  on  more  than  ono  point;  and  tho 
■tadsn^  if  linoore,  will  otbea  Bod  himself  di&ering  fh>m  them  olL 
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to  the  4000th  of  an  incL  In  shape  they  also  vary. 
Here  are  two  from  the  grey  matter  of  the  spinal 
chord.  They  are  seen  to  send  off  prolongations  of 
their  substance  in  various  directions,  and  aometimeB 
one  of  these  forms  the  union  between  two  cells, 
as  in  c,  fig.  36.  It  is  also  taught  by  most  writers  that 
Pig.  36. 


Nerti-Cells  frox  SnKii, Chord.— <ArtflrGnUi>let} 

these  prolongations  are  the  beginning,  or  the  ending, 
of  nerve-fibres ;  in  other  words,  that  the  connection 
between  fibres  and  cells  is  always  of  this  direct  kind.* 
In  fig.  34  we  have  this  theoretical  view  represented. 
Without  disputing  the  statement  that  fibres  are  some- 
times traced  thus  in  connection  with  cells,  I  hare  to 
declare  that,  in  more  than  a  thousand  preparations,  I 
have  only  seen  it  half-ardozen  times;  therefore,  to 
make  this  supposed  connection  between  cells  and  fibres 

*  For  the  literature  of  Uiii  nibjoot  bob  Stilltiio  :  jVerrm-jiriattri*. 
/(UTT,  p.  101-3 ;  or  ScBhOedeB  vak  der  Kole  :  Ban  mirf  /Vurioun 
dtr  Medulla  Spinalit  tiiul  Oblmgata,  16SB,  pp.  Btttq. 
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the  basis  of  any  physiological  inferences,  will  be  in  the 
highest  d^;ree  incautious.  Yet  this  is  what  many  Gler- 
man  and  French  writers  are  now  doing.  The  ordinaiy 
aspect  of  Cells  and  fibres  in  a  ganglion  is  more  like  fig,  37- 

F%.  37. 


Oanoliohic  anocTCBE.— {AR«t  IMtoa.) 
These  cells,  and  the  granules  in  which  they  are  im- 
bedded, have  a  greyish  colour ;  and  it  is  to  them  that 
what  is  called  the  grey  or  "  dneritious  "  matter  of  the 
Brain  and  Spinal  Chord  owes  its  name.  There  are, 
however,  certain  grey  fibres  very  abundant  in  the 
sympathetic  system.  Nevertheless  it  may  be  under- 
stood that  when  the  grey  matter  is  spoken  of,  the  cel- 
lular or  ganglionic  substance  is  meant ;  when  the 
white  matter  is  spoken  of,  nerve-fibres  are  meant 

A  nerve-centre  is  a  ganglion,  or  mass  of  ganglia 
fused  together.  It  has  everywhere  the  same  property, 
which  is  Sensibility.     The  chief  centres  are  congre- 
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gated  together  within  the  skull  and  spine,  forming 
what  is  called  the  cerebro  -  spinal  axis.  A  general 
idea  of  this  axis,  and  the  principal  nenres  which  issne 
from  it,  may  be  seen  in  fig.  38,  on  the  opposite  page. 

in.  Are  the  Neeybs  Conductors  only?  and 
WHAT  DO  THEY  CONDUCT  1 — Nerves  are  very  generally 
likened  to  telegraphic  wires,  canying  messages  to  and 
from  the  centres,  or  to  the  conducting  wires  of  a  gal- 
vanic battery.*  But,  except  as  a  loose  and  superficial 
analogy,  this  is  not  acceptable ;  and  it  is  based  on  a 
misconception  so  important  that  we  must  pause  a 
moment  to  consider  it.  The  misconception  is,  that  the 
centres  produce  a  force  which  the  nerves,  as  passive 
conductors,  transmit.  The  analogy  is  to  the  plates  of 
a  battery  producing  the  electricity,  which  the  wires  con- 
duct. I  think  there  is  ample  and  decisive  evidence  to 
show  that  the  nerves  have  a  force  of  their  oww,  the 
property  of  their  tissue,  which  is  far  from  being  the 
product  of  nerve-centres,  and  is  wholly  wnlH^  that 
produced  by  the  centrea 

If  we  cut  oflf  the  leg  of  a  frog  recently  killed,  and 

•  In  many  cases  this  metaphor  has  been  an  hypothesis.  The  ItaJiaa 
anatomist  Rolando  claims  the  merit  of  not  only  having,  before  Sir 
Charles  Bell,  distingtdshed  the  two  kinds  of  nerves,  but  also  of  having 
asserted  each  to  be  conductors  of  two  kinds  of  eleotrioity,  positive  and 
negative.  Rolaitdo  :  Rieerdie  anatotnuAe  ttUia  ttntttwra  dd  Midolo 
spinale^  1824,  p.  4.  The  conception  of  the  Brain  as  a  galvanic  bat^My 
of  which  the  nerves  are  the  conducting  wires,  is  often  attribated  to  Sir 
John  HerscheL  It  was  an  obvious  conception  when  once  the  nerve- 
force  was  supposed  to  be  Identical  with  electricity ;  and  it  has  been 
very  misleading. 
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dissect  out  a  portion  of  its  sciatic  nerve,  as  in  fig.  39,  N, 
Fi^.  39.  it  will  be  easy  to  show  that  this  nerve, 
although  separated  from  its  centre,  has 
still  its  peculiar  force  ;  for  no  sooner 
are  the  two  poles  of  a  galvanic  battery 
brought  in  contact  with  this  nerve  (as  at 
a  and  6),  than  the  muscles  of  the  leg  are 
contracted,  as  they  would  be  contracted 
during  life,  when  the  centre  stimulated 
the  nerve. 

Nor  must  it  be  supposed  that  this  con- 
traction occurs  because  the  nerve  conducts 
electricity  to  the  muscles.    The  same  effect 
will  follow,  under  proper  conditions,  if 
f/lf\  the  nerve  be  simply  pinched  or  pricked. 

Anything  which  stimulates  the  nerve, 
causes  the  muscles  to  contract  But  if 
the  nerve  be  dead,  electricity  fails  to  cause  a  con- 
traction. Claude  Bernard  found  that  the  woorara 
poison  had  the  effect  of  destroying  the  irritability 
of  the  nerves,  and  leaving  the  muscles  unaffected : 
when,  therefore,  he  had  poisoned  airog  with  woorara, 
the  galvanic  battery  applied  to  the  nerve  no  longer 
made  the  muscles  contract ;  but  applied  directly  to 
the  muscles,  it  made  them  contract.  Indeed,  one  of 
the  earliest  experiments  was  enough  to  show  that  the 
force  in  the  nerve  does  not  come  from  the  centre,  but 
is  excited  in  the  nerve  itself  Willis  tied  the  phrenic 
nerve,  and  found  that  the  diaphragm  was  moved  when 
the  nerve  was  irritated  helow  the  ligature — that  is,  be- 
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low  the  point  where  its  separation  from  the  centre  was 
effected — ^bnt  no  motion  could  be  cansed  in  the  dia- 
phragm when  the  nerve  was  irritated  above  the  ligatura 

But^  it  may  be  asked,  did  not  this  nerve  which' we  see 
acting  when  separated  from  a  centre,  originally  receive 
its  force  from  that  centre?  and  is  not  the  force  which  we 
excite  in  it,  the  remains  of  what  has  been  produced  in 
the  centre,  and  accumulated  in  the  nerve  ?  The  answer 
is  an  unequivocal,  No.  If  the  nerve  were  merely  a 
reservoir,  and  not  a  spring,  it  could  never  recover  its 
force  after  having  once  been  exhausted ;  but  exact  ex- 
periment has  determined  that  while  a  nerve  separated 
&om  a  centre  may  be  so  exhausted  by  repeated  irrita- 
tions, that  it  ceases  to  produce  any  contractions ;  yet  if 
it  now  be  allowed  repose,  under  proper  conditions,  it 
recovers  its  activity,  and,  on  being  irritated,  will  again 
cause  muscular  contractions.*  Schiff  found  that  a 
frog's  nerve,  which  had  been  separated  from  its  centre, 
but  not  otherwise  disturbed,  retained  its  power  of  ex- 
citing contractions  as  long  as  thirteen  weeks.  It  is 
therefore  impossible  to  regard  the  force  in  the  nerves 
as  a  residue  of  what  was  produced  in  the  centres,  see- 
ing that  the  nerve  itself  has  the  power  of  restoring  its 
wasted  force. 

When  the  conducting  wire  is  separated  from  the 
battery  it  loses  at  once  all  galvanic  power :  it  is  a  bit 
of  wire,  and  it  is  nothing  more.  All  its  galvanism 
came  from  the  battery,  and  this  it  could  only  conduct, 

*  Comp.  ScHUT :  LehrJmch  der  Physiol,  1.  112. 
VOL.IL  B 
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not  create.  But  the  ner^e,  when  separated  from  its 
centre,  still  retains  its  force :  any  irritation  of  such  a 
nerve  will  excite  that  force,  just  as  the  stimulus  from 
its  centre  would  excite  it.  The  battery  is  removed,  and 
lo  !  the  wire  is  found  to  be  galvanic. 

That  the  nerve  itself,  even  during  absolute  repose,  is 
the  workshop  of  a  development  of  force,  of  chemical 
and  electrical  changes,  has  been  demonstrated  by 
Dubois-Beymond.  That  the  nerve,  so  long  as  it  is 
living,  so  long  as  the  necessary  nutritive  changes  can 
be  kept  up,  has  a  property  not  derived  from  the  centre, 
but  belonging  exclusively  to  the  nerve  itself,  is  no  less 
demonstrable.  Without  implying  any  hypothesis  as  to 
the  nature  of  this  force,  I  have  called  it  Neurility  (in 
the  sense  of  excitability,  but  without  the  misleading 
suggestions  of  that  word).  Numerous  physiologists 
have  noticed  the  facts  which  prove  that  the  nerves  are 
something  more  than  passive  conductors,  but  I  am  not 
aware  that  any  one  has  seen  the  full  significance  of 
these  facts,  and  has  proposed  to  connect  them  with  a 
property  inherent  in  nerve-fibre,  and  essentially  difier- 
ing  from  the  property  inherent  in  ganglionic  substance, 
or  nerve-cells.  In  a  paper  read  at  the  meeting  of  the 
British  Association  in  Aberdeen*  I  suggested  the 
desirableness  of  a  new  nomenclature  to  replace  the  veiy 
lax  expressions  now  in  use ;  and  as  an  example,  the 
old  term  "  nerve-force,"  which  confounds  together  the 
activity  of  the  nerves  and  that  of  the  centres,  was 
shown  to  need  two  distinct  substitutes,  one  expressing 

*  On  the  Ntcettity  of  a  R^orm  in  Ncrvt-Phytiologi^ 
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the  activity  of  the  nerves — Newrility  ;  and  one  express- 
ing the  activity  of  the  centres — Sensibility. 

Neurility  simply  means  the  property  which  the 
nerve-fibre  has,  when  stimulated,  of  exciting  contraction 
in  a  muscle,  secretion  in  a  gland,  and  sensation  in  a 
ganglionic  centre. 

rV.  What  is  Sensibility  ? — ^This  very  interesting 
and  important  question  has  become  involved  in  a  doud 
of  obscurities  which  would  vanish  if  that  strictness 
of  nomenclature,  to  which  I  have  just  alluded,  were 
adopted  in  physiology,  as  in  chemistiy  and  physica 
The  philosophic  reader  will  learn  with  surprise  that 
many  eminent  men  are  at  present  disputing  whether 
the  seat  of  sensation  is  itself  sensitive,  whether  the 
seat  of  intelligence  is  also  the  seat  of  consciousness,  and 
whether  there  are  not  separate  parts  of  the  spinal  chord 
devoted  to  the  transmission  of  sensibility — as  if  Sensi- 
bility were  a  thing  to  be  carried  from  one  part  of  the 
body  to  another ! 

It  is  found  that  cutting,  pinching,  tearing,  or  galvan- 
ising the  grey  matter  of  the  brain  and  spinal  chord 
produces  no  sensation  whatever.  The  fact  is  doubtless 
surprising  at  first  We  know  that  the  brain  is  a  seat 
of  sensation,  that  impressions  made  on  the  nerves  going 
to  the  cerebro-spinal  centres  produce  no  sensation  unless 
those  centres  are  affected ;  yet  we  see  a  man  or  an 
animal  submit  without  the  slightest  wincing  to  have 
a  slice  of  his  brain  cut  off,  or  the  grey  matter  of  his 
spinal  chord  pricked  and  cut.     The  explanation  is  easy. 
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Sensibility  is  the  inherent  property  of  the  ganglionic 
tissue  forming  the  grey  matter  of  the  nerve-centrea 
This  property  is  stimulated  into  activity  by  the  Neu- 
rility  of  the  nerves,  but  is  not  stimulated  by  those 
mechanical  irritations  which  suffice  to  stimulate  the 
nerves.  The  pinch,  or  prick,  which  awakens  the  acti- 
vity of  the  nerve-fibre,  leaves  the  nerve-cell  dormant 
You  are  not  surprised  if  the  pistol  hangs  fire  when  the 
percussion-cap  is  removed,  or  spoiled.  In  vain  the 
hammer  falls,  no  explosion  takes  place ;  because,  to 
produce  an  explosion  of  the  gunpowder,  a  spark  is 
necessary,  and  that  spark  is  received  from  the  percus- 
sion-cap. It  is  the  same  with  Sensibility.  The  ham- 
mer first  acts  on  the  cap  ;  the  cap  does  not  transmit  the 
blow,  it  produces  a  spark,  and  the  spark  makes  the 
powder  e^lode  ;  the  irritation  acts  on  the  nerve,  the 
nerve  does  not  transmit  this  irritation,  it  has  its  own 
Neurility  excited,  and  this  awakens  the  Sensibility  of 
the  centre — ^when  the  nerve  goes  to  a  centre  ;  when  it 
goes  to  a  muscle  it  awakens  Contractility. 

It  is  absolutely  indispensable  that  we  should  bear 
distinctly  in  mind  this  fundamental  position :  that 
Sensibility  is  the  property  inherent  in  ganglionic  tissue 
— the  one  peculiar  "force"  belonging  to  all  nerve- 
centres,  as  Neurility  belongs  to  all  nerves.  But  in 
order  to  a  right  comprehension  of  this  position,  as  well 
as  to  a  philosophical  investigation  of  the  many  pro- 
blems which  assail  us,  it  is  necessary  that  we  make 
another  reform  in  our  phraseology,  and  cease  to  con- 
found the  idea  of  property  with  that  of  function. 
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The  property  of  a  nerve,  for  instance,  is  that  which 
belongs  to  it  as  a  nenre,  and  not  that  which  arises  from 
its  connection  with  any  other  organ :  it  depends  on 
structure,  as  the  elasticity  of  steel  depends  on  the 
structure  of  steel,  or  the  transparency  of  crystal  de- 
pends on  the  structure  of  the  ciystal. 

The  function  of  a  nerve  is  very  difiTerent :  it  is  the 
use  to  which  that  property  may  be  applied ;  and  de- 
pends on  the  connections  established  between  the  nerve 
and  other  parta 

Property  is  invariable  so  long  as  the  structure  re- 
mains.''^ Functions  are  as  variable  as  the  varying 
nature  of  organic  connections. 

These  principles  are  elementary.  They  lead  at  once 
to  a  most  important  axiom  :  Identity  of  structure 
everywhere  implies  identity  of  properties. 

No  matter  how  different  the  uses  to  which  a  given 
substance,  say  iron,  may  be  applied,  it  always  and 
everywhere  retains  its  properties  as  iron :  we  may 
fashion  it  into  nails,  anchors,  windlasses,  anvils,  or 
cannon,  and  get  very  different  results ;  but  the  pro- 
perties of  iron  remain  persistent  through  all  these  dif- 
ferences  of  use.  This,  you  wiU  perhaps  remark,  is  a 
truism.  It  is  so ;  and  yet  I  do  not  recall  a  single 
writer  on  the  nervous  system  who  has  not,  on  impor- 
tant occasions,  entirely  overlooked  it.  Two  examples 
will  suflSce  to  show  this.  Physiologists  have  established 
a  distinction  between  sensory  and  motor  nerves,  which 

*  Under  identical  conditions,  of  course ;  the  same  substance  under 
different  conditions  will  manifest  very  different  properties.  Hence 
ttllotropism. 
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distinction  many  of  them  refer  explicitly,  and  others 
implicitly,  to  a  diflTerence  in  the  properties  of  these 
nerves  :  one  set  of  nerves  are  said  to  have  the  property 
of  conducting  sensitive  impressions,  and  the  other  set 
of  conducting  motor  stimuli — one  having  a  centripetal 
and  the  other  a  centrifagal  conductibility.  We  shall 
presently  examine  the  validity  of  this  supposed  distinc- 
tion ;  for  the  present  it  is  enough  to  say  that  altiiough 
both  nerves  are  identical  in  all  fundamental  characters 
— although  their  structure  is  identical — ^physiologists 
have  no  misgiving  in  attributing  to  them  different  pro- 
perties ;  which  is  like  saying  that  of  two  bars  of  iron 
forming  a  crank,  one  is  capable  of  being  rendered 
magnetic,  and  the  other  not 

The  second  example  is  more  directly  to  our  pre- 
sent purpose.  Sensibility  is  ascribed  to  the  gan- 
glionic substance  of  the  Brain,  or  some  portion  of 
the  Brain,  and  denied  to  other  masses  of  ganglionic 
substance,  absolutely  identical  in  all  the  fundamental 
characters.  Nevertheless  no  physiologist,  to  my  know- 
ledge, has  been  aware  of  this  violation  of  a  first 
principle.  No  one  has  seen  that  to  rescue  this  opin- 
ion &om  such  a  contradiction  he  must  prove  the 
ganglia  themselves  to  have  a  structural  distinction, 
corresponding  with  this  supposed  distinction  of  pro- 
perty. Nor  could  this  be  proved.  The  contrary  is 
demonstrable.  There  is  no  fundamental  difference  : 
similar  cells,  similar  granules,  similar  fibres,  and 
similar  connective  tissue  are  found  in  the  one  and 
in  the  other  :  nothing  is  found  in  the  one  that  is  not 


SENSIBILITY  BELONGS  TO  ALL  CENTRES.  23 

in  the  other :  they  are  identical.  The  differences,  snch 
as  they  are,  are  morphological,  not  histological — differ- 
ences of  form,  not  of  structure — and  it  will  hereafter 
appear  that  these  accessory  differences  do  not  affect 
fundamental  characters. 

It  is  simple  logic,  therefore,  to  conclude  that  there 
being  one  common  tissue,  there  must  be  one  common 
property,  in  Brain^  Medulla,  and  Chord,  however  various 
the  functions,  or  uses,  to  which  this  property  may  in 
each  case  be  applied.  Experiment  clearly  verifies  what 
logic  thus  deductively  concludes,  namely,  that  the 
Spinal  Chord  is  in  all  animals  a  seat  of  Sensibility ; 
and  in  some  ftnimftla  the  all-important  seat.  This  will 
be  demonstrated  in  a  future  chapter.  The  only  escape 
from  the  logic  of  this  argument  is  to  deny  that  Sensi- 
bility is  a  property  at  all ;  and  to  call  it  the  function  of 
certain  nerve-centres.  But  against  such  an  issue,  two 
obstacles  are  placed :  First,  if  we  refuse  to  consider 
Sensibility  as  the  property  of  gangliouic  tissue,  we  shall 
have  to  declare  what  is  the  property  of  that  tissue, 
manifest  wherever  the  tissue  is  in  activity,  and  common 
to  all  nerve-centres  ;  Secondly,  I  shall  hereafter  show 
that  all  the  phenomena  we  indicate  by  the  term  Sensi- 
bility are  exhibited  when  those  nerve-centres,  generally 
supposed  to  be  its  exclusive  organs,  are  removed* 

*  Until  the  reader  has  confiidered  this  experimental  evidence  which 
proree  Sensibility  to  belong  to  all  the  centres,  I  must  ask  him  to  sus- 
pend judgment  on  this  important  point.  Indeed  I  may  say,  once  for 
all,  that  inasmuch  as  the  new  views  advocated  in  these  chapters  belong 
to  a  system  related  in  all  its  parts,  they  cannot  always  be  judged 
without  reference  to  the  whole. 
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Contractility  is  the  property  of  muscular  fibre ;  and 
however  various  the  uses^  or  functions^  of  the  musdes — 
extensors,  flexors,  sphincters,  voluntaiy  or  involuntary 
— this  fundamental  property  is  found  in  all. 

Newrility  (i.e.  the  power  of  exciting  a  muscle,  a 
gland,  or  a  nerve-centre)  is  the  property  of  the  nerve- 
fibre;  and  however  various  the  uses,  or  functions, 
which  various  nerves  may  serve — ^as,  for  example,  those 
of  sight,  hearing,  and  taste,  those  of  locomotion  and 
those  of  secretion — the  same  fundamental  character  is 
found  in  alL 

Sensibility  is  the  property  of  ganglionic  substance, 
and  however  various  the  uses,  or  functions,  which 
different  centres  may  serve — those  of  Respiration  being 
very  different  £rom  those  of  facial  Expression,  and  these 
again  from  those  of  Perception,  and  so  on — ^the  same 
fundamental  character  is  found  ia  alL 

The  only  known  stimulus  which  will  excite  Sensi- 
bility in  a  centre,  is  that  of  the  active  nerve-fibre.  By 
this  means  impressions  on  the  skin  become  sensations 
in  the  centres.  By  this  means  one  centre  plays  on 
another  and  awakens  its  Sensibility ;  an  impression  on 
the  skin  not  only  excites  a  sensation  in  the  spinal 
chord,  but  runs  up  the  brain,  and  there  excites  another 
sensation.  While  Sensibility  seems  capable  of  being 
awakened  only  by  this  one  stimulus,  Neurility  seems 
capable  of  being  awakened  by  a  variety  of  stimuli  ;  and 
among  these  we  must  reckon  the  activity  of  a  centre, 
for  no  sooner  is  a  centre  excited,  than  the  nerve-fibres 
in  connection  with  it  are  excited  also. 
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V.  Are  THERE  TWO  Kinds  of  Nerve  :  Sensory 
AND  Motor? — Before  proceeding  further  into  the 
interesting  question  of  Sensibility,  it  is  necessary  to 
notice  another  application  of  those  logical  canons 
which  ought  to  direct  our  investigations,  but  which 
here  also  have  been  strangely  overlooked. 

It  is  the  universal  opinion  of  physiologists,  that  there 
are  two  distinct  kinds  of  nerve,  named  respectively  the 
sensory  and  motor,  the  one  being  capable  of  exciting 
sensations,  but  no  motions;  the  other  of  exciting 
motions,  but  no  sensations.  This. doctrine  dates  &om 
Hippocrates  and  Galen,  and  has  received  continual 
support  from  the  frequent  cases  of  paralysis  in  which 
there  was  a  loss  of  sensibility  in  a  limb  without  loss 
of  motion,  or  a  loss  of  motion  without  loss  of  sensi- 
bility. A  terrible  case  came  to  my  knowledge  some 
years  ago.  The  patient  had  a  complete,  though  tem- 
porary, paralysis  of  motion,  while  preserving  his  sen- 
sibility unaffected.  He  lay  motionless,  and  had  the 
horror  of  hearing  with  painful  distinctness  all  that  was 
said  about  his  condition,  and  of  feeling  with  painful 
distinctness  all  the  stimulants  which  were  applied  to 
awaken  his  sensibility.  He  was  tortured  in  the  be- 
lief that  he  felt  nothing,  because  he  conld  not  by  any 
movement,  or  cry,  express  the  pain  he  felt.  Fortu- 
nately this  condition  was  not  of  long  duration,  and  he 
recovered  sufficiently  to  indicate  the  suffering  to  which 
he  had  been  exposed.* 

*  In  the  Frenoh  tranalatioii  of  Sir  CharloB  Bell's  Nervous  SysUm  of 
iJu  Human  Body  there  is  an  interestmg  record  of  a  man  who  from  a 
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Early  in  the  present  century  Sir  Charles  Bell  made 
an  anatomical  discovery  which  has  immortalised  him, 
and  which  seemed  to  famish  the  final  scientific  con- 
firmation of  the  long-suspected  distinction  between 
the  two  sets  of  nerves.  It  wonld  lead  ns  too  far  were 
we  to  enter  upon  the  history  of  this  famous  discovery ; 
enough  for  the  present  if  a  brief  statement  of  what  is 
now  the  doctrine  of  the  schools  be  laid  before  the  reader. 

There  are  nerves  which,  on  being  stimulated,  excite 
muscular  contractions:  these  are  the  motor  nerves, 
and  we  can  follow  them  into  the  very  substance  of  the 
muscles,  where  they  end,  we  know  not  how.  There 
are  nerves  which,  on  being  stimulated,  excite  sensa- 
tions :  these  are  the  sensory  nerves,  and  we  can  follow 
them  into  the  skin,  or  the  organs  of  sense.  Finally, 
there  are  mixed  nerves,  which  excite  both  contractions 
and  sensations:  but  these,  although  their  fibres  are 
contained  within  a  common  trunk,  are  reaUy  two  differ- 
ent  nerves,  having  different  oi^giits  in  the  centres, 
and  different  endings  in  the  muscle  and  skin.  For  the 
sake  of  simplicity,  we  will  confine  ourselves  to  the 
sensory  and  motor  nerves  which  issue  from  the  spinal 
chord  in  thirty-one  pairs,  and  which,  shortly  after  their 
issue,  unite  to  form  trunks. 

The  Spinal  Chord  is  formed  of  two  halves,  much  as 
the  cerebrum  is  formed  of  two  hemispheres.  Each 
half  sends  forth  its  own  pairs  of  nerves ;  and  each  pair 

fall  had  entirely  lost  his  senaibility  on  the  right  side,  though  preserving 
his  power  of  movement ;  and  had  entirely  lost  the  power  of  movement 
on  the  left  side,  though  preserving  his  sensibility. 
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has  a  double  root — one  root  issning  from  the  anterior 
columns  of  the  chord  (in  animals  the  under  part),  and 
the  other  root  from  the  posterior  columns  (in  animals 
the  upper  part).  In  fig.  40  the  anterior  and  posterior 
columns  ate  represented  with  two  pairs  of  roota  The 
anterior  root  A  is  seen  to  join  the  posterior  P  just 
below  the  ganglion  g,  after  which  the  two  become  one 
I  Fig.  40.  2 


ePiHAL  Nervei  jlnd  Sfisul  Chohd  —(After  Berunrd.) 

1.  Anletior  visn  :  S.  poaUrior  vta«,    A  U  the  .ntfiinr  root  of  tlw 

with  ths  division  miUte  ImIow  the  gnngllnn  (a).    Tlie  otlier  piiira  in 

trunk,  to  divide  and  subdivide  like  the  branches  of  a 
tree.  The  foUowing  diagram  of  a  transverse  section 
through  the  Chord  will  render  the  arrangement  more 
intelligibla  These  posterior  and  anterior  roots  {fig.  41,  e 
and  d)  are  called  respectively  the  sensoiyand  motor  roots. 
It  is  maintained  that  the  fibres  furnished  by  the  one  root 
have  the  power  of  transmitting  impressions  only  to  the 
Brain,  whereas  the  fibres  furnished  by  the  other  root 
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have  the  power  of  transmitting  impressions  frvm  the 
Bnun  to  the  muscles :  the  posterior  root  is  a§enni. 


(Arter  IMIoD.) 

and  awakens  sensation,  but  never  motion ;  the  anterior 
root  is  efferent,  and  awakens  mnscuhu:  contraction,  bat 
never  sensation.    The  assumed  proof  of  this  important 


position  is  as  follows :  If  the  posterior  root  be  divided 
(as  at  a  "b,  fig  12,  x)  before  the  union  with  the  other 
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root,  no  amount  of  irritation  of  the  cut  end,  a,  will 
produce  muscular  contraction,  but  the  slightest  irrita- 
tion of  the  cut  end,  b,  will  produce  sensation.  This 
shows  that  the  posterior  root  is  the  channel  for  sensitive 
impressions,  and  not  for  muscular  contractions. 

K,  on  the  other  hand,  the  anterior  root  be  divided 
(as  at  c  d,  fig.  42,  b),  the  reverse  is  noticed — the  cut  end, 
d,  may  be  irritated  without  producing  the  slightest  sign 
of  sensibility,  whereas  irritation  of  the  cut  end,  c,  is 
instantly  followed  by  contraction  of  the  muscles  to 
which  the  nerve  is  distributed.  This  shows  that  the 
anterior  root  is  the  channel  for  muscular  stimuli  but 
not  for  sensitive  impressions. 

It  was  incumbent  on  me  to  expound  the  views  held  by 
all  the  physiologists  of  our  day  respecting  the  two  kinds 
of  nerves.  Having  discharged  that  duty  to  the  public, 
there  is  another  which  remains.  I  beUeve  that  the 
view  just  expounded  is  erroneous,  founded  on  a  mis- 
conception, and  in  open  contradiction  with  first  prin- 
ciples.  In  two  papers  read  before  the  Aberdeen  Meet- 
ing of  the  British  Association,*  I  pointed  out  the 
source  of  the  misconception,  and  the  evidence  which 
destroyed  the  supposed  distinction. 

The  anatomical  discovery  of  Sir  Charles  Bell  is  now 
unimpeachable.f     As  far  as  demonstration  can  go,  it 

*  On  the  Suppoied  DiHinclion  between  Sensory  and  Motor  Nerves ; 
and,  A  Demonstration  of  the  Aitiscular  Sense. 

f  While  these  Bheets  ore  pOBsing  through  the  press,  M.  Alc^Di 
PlOBOT  has  published  the  history  of  this  discovery  in  his  brief  but 
▼ery  agreeable  biography :  Sir  Charles  Bell :  Histoire  desa  VUetdeses 
Trataux. 
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has  been  demonstrated  that  the  anterior  nerves  move 
the  muscles  to  which  they  are  distribnted ;  and  the 
posterior  nerves  convey  sensoiy  impressions  from  the 
skin,  to  which  they  are  distributed.  The  opponents 
have  long  been  silenced.  Europe  is  convinced.  But 
this  discovery  has  been  supposed  to  imply  a  physiolo- 
gical distinctioQ  respecting  the  properties,  or  functions, 
of  the  two  nerves  ;  and  against  this  interpretation  Pro- 
fessor Arnold,  of  Zurich,  many  years  ago  raised  his 
voice,  declaring  that  Bell  and  his  followers  had  made 
the  initial  mistake  of  confounding  mtiede  ■  nerrea 
with  motor-nervea*  But  Arnold's  voice  was  lost  in 
the  chorus  of  Bell's  followers.  Indeed,  neither  the 
state  of  anatomical  knowledge,  nor  the  possession  of 
a  general  doctrine,  permitted  him  to  give  his  argu- 
ments and  experiments  their  full  value ;  and  I  have 
not  met  with  a  single  physiologist  who  has  embraced 
his  views.  Nevertheless  I  think  Arnold  was  right ; 
an^  having  reached  the  same  conclusion  by  a  different 
oute,  I  feel  it  a  duty  not  to  shrink  from  opposition  to 
be  teachers  who  most  claim  respect. 

Referring  to  the  distinction  already  established  be- 
ween  property  and  function  (p.  21 ),  our  first  effort  must 
e  to  ascertain  whether  the  supposed  difference  be- 
ween  the  two  nerves  is  one  of  property,  or  one  of 
anction.  It  cannot  be  one  of  property,  because  the 
tructure  of  the  two  nerves  is  identical,'f*  and  identity 

*  Ahwold  ;  Utltr  dit  VerruAtung  der  Wtmdit  dtr  ROcteiimartt- 
t  It  i3  uimec«H>U7  bete  to  enter  on  Uie  detailed  proof.    I  have  dene 
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of  structure,  we  know,  implies  identity  of  property. 
Moreover,  it  has  been  proved  experimentally  by 
Dubois-Seymond  and  Schiff,  that  both  nerves  con- 
duct in  both  directions. 

Is  the  difference  one  of  function  ?  There  are  doubt- 
less many  who  never  believed  it  to  be  one  of  property, 
but  conceived  that  it  arose  simply  from  the  fact  that 
the  anterior  nerves  played  upon  muscles  only,  and 
therefore  only  awakened  Contractility;  and  that  the 
posterior  nerves  played  upon  the  centre  only,  and  there- 
fore only  awakened  Sensibility.  This  was  the  opinion 
I  formerly  held.  But  if  this  has  been  the  opinion  held 
by  some  physiologists,  they  have  not  given  it  precise  and 
scientific  statement — they  have  not  urged  the  necessity 
of  founding  the  idea  of  function  on  anatomical  distri- 
hution.  Had  they  done  so,  Anatomy  would  speedily 
have  convinced  them,  as  it  convinced  me,  of  the  error  of 
regarding  the  nerves  as  essentially  distinct  in  function. 

80  in  the  paper  read  before  the  British  AMOoiation,  and  will  only  add 
that  ScHiFF  rests  the  structural  distinction  on  the  fact  shown  bj  his 
ezperiments,  that  although  nerves  which  have  been  divided  grow  to- 
gether again,  a  motor-nerve  will  not  unite  with  a  sensory  nerve.  The 
fact  is  valuable ;  but  as  we  are  at  present  utterly  in  the  dark  respect- 
ing the  nutrition  of  nerves,  we  can  found  no  conclusion  as  to  their  pro- 
perties on  any  differences  they  may  exhibit  in  nutrition.  Schiff  has 
himself  proved  that  motor  nerves  conduct  both  ways — centripetally  and 
oentrifugally ;  and  for  my  purpose  that  is  all  the  proof  necessary.  The 
want  of  some  recognised  doctrine  could  alone  permit  so  eminent  a 
man  as  KtiLLiKER  to  write  as  follows:  ''In  respect  of  nerve-flbres. 
Anatomy  is  unable  to  discover  any  difference  between  sensoiy  and 
motor  ;  but  this  can  in  nowise  furnish  Physiology  with  a  ground  for 
supposing  that  the  nerves  have  similar  functions ! " — OetpebeUhre, 
1869,  p.  3o2. 
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Messrs  Todd  and  Bowman,  in  their  yalnable  work, 
remark  that  it  is  not  necessary  to  suppose  any  in- 
trinsic difference  of  stmctore  in  the  nerres  capable  of 
producing  effects  so  manifestly  different  **  The  actions 
of  a  nerve  depend  upon  the  nature  of  its  central  and 
peripheral  connections."  *  Very  true.  But  what 
does  Anatomy  teach  us  respecting  these  connections  ? 
It  teaches  that  as  regards  the  centre,  the  two  nerves 
agree;  and  so  far  they  must  agree  in  function.  It 
further  teaches  that  as  regards  the  periphery,  the  two 
nerves  differ  ;  and  so  far  they  must  differ  in  function. 
Both  are  directly  connected  with  the  ganglionic  sub- 
stance of  the  Spinal  Chord,  and  both  must  therefore 
have  a  similar  fanctional  relation  to  it :  but  as  one  is 
directly  connected  with  the  muscles,  and  the  other 
with  the  skin,  their  functional  relations  to  muscle  and 
skin  will  of  course  be  different.  Nothing  can  be 
plainer ;  yet  by  an  oversight  which  will  one  day  appear 
astounding,  physiologists  have  one  and  all  disregarded 
the  very  important  fact  that  both  anterior  and  poste- 
rior nerves  are  similarly  connected  with  the  Spinal 
Chord,  and  consequently  must  exercise  a  similar  influ- 
ence on  it.f     Surely  if  one  nerve  can  excite  the  gangli- 

•  Todd  and  Bowhai?:  PhysioL  Anat.,  I  281. 

t  Thus  SoHBOEDEB  VAN  DBR  KoLK,  In  his  important  work,  maintains 
that  the  Medulla  Oblongata  is  the  seat  of  Perception,  because  tkert  the 
sensory  fibres  terminate  in  nerre-cells ;  yet  he  denies  that  the  motor 
fibres,  which  aUo  terminate  in  nerve-cells  (according  to  him),  can  have 
any  sensory  function.  See  Bau  und  Functionen  der  Medulla  Spinalu  in 
several  places.  He  also  explicitly  says  that  the  grey  matter  of  the 
Chord  is  only  concerned  with  co-ordinating  movements ;  whereas  the 
same  grey  matter  in  the  Medulla  Oblongata  is  sensitive ! — ^pp.  73,  S3. 
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onic  centre  with  which  it  is  connected,  a  similar  nerve, 
similarly  connected,  must  also  similarly  excite  that 
centre  ?  To  assume  that  of  two  nerves  having  the 
same  property  and  similar  connections,  one  only  should 
exercise  that  property,  and  the  other  be  utterly  power- 
less, is  a  license  of  imagination  which  Logic  must 
reprovcL 

Observe,  I  say  the  relation  is  similar,  not  the  same. 
It  requires  but  a  moderate  acquaintance  with  micro- 
scopic anatomy  to  be  aware  that  the  anterior  and 
posterior  roots  diflTer  in  their  distribution  over  the 
Spinal  Chord ;  indeed,  it  is  partly  upon  this  diflTerence 
of  distribution  that  I  explain  to  myself  the  different 
forms  of  sensibility  excited  by  each  root  But  under- 
lying this  diversity  there  is  a  fundamental  agreement : 
both  are  in  direct  connection  with  the  ganglionic  sub- 
stance, and  both  must  excite  its  activity.  Hence  they 
may  be  called  similar,  though  not  the  same.  The  form 
of  sensibility  excited  by  the  anterior  root  is  as  imlike 
the  form  of  sensibility  excited  by  the  posterior  root, 
as  the  sensation  of  Sound  is  unlike  the  sensation  of 
Light,  which  are  nevertheless  similar,  in  being  both 
sensations. 

Thus  does  Anatomy,  philosophically  interpreted, 
teach  the  sensory  function  of  both  nerves.  The  same 
aids  will  make  dear  to  us  wherein  the  nerves  differ. 
It  has  already  been  stated  that  the  difference  in  their 
peripheral  connections  necessarily  brings  about  a  corre- 
sponding difference  in  their  fonctiona  The  function 
of  moving  a  muscle  is  assigned  to  the  nerves  distributed 

VOL.  IL  C 
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to  muscles ;  the  fanctioii  of  conyeying  impressioiis  of 
touch,  temperature,  tickling,  &c.,  is  assigned  to  the 
nerves  distributed  to  the  skin,  where  alone  these  im- 
pressions can  be  made.  80  intimately  is  function 
dependent  upon  anatomical  distribution,  that  the  very 
nerve  which  is  sensitive  to  touch  and  temperature,  if 
the  stimulus  reach  it  through  the  skin,  is  not  suscep- 
tible to  either  (but  only  to  pain),  if  the  stimulus  be 
directly  applied  to  the  nerve.* 

The  posterior  nerves,  being  distributed  to  the  skin, 
can,  it  is  obvious,  only  exercise  a  motor  fonction  in  as 
far  as  they  are  related  to  moving  oi^ans,  or  muscle& 
Now  in  the  skin  there  are  such  organs,  insignificant 
enough,  it  is  true,  and  only  discovered  within  the 
last  few  years:  these  are  muscular  fibres  surround- 
ing the  hair-follicles ;  and  it  is  these  which  the  pos- 
terior nerves  cause  to  contract  If  there  were  no 
muscular  fibres  in  the  skin,  the  posterior  nerves  would 
have  no  motor  function  ;  but  they  would  have  the 
possibility  of  exercising  such  a  function.  As,  however, 
there  are  such  fibres,  the  nerves  have  this  function — 
not  a  very  energetic  or  striking  one,  p^haps,  but  the 
same  in  kind  as  that  of  the  anterior  nerves. 

*  I  found  that  pinching  or  cutting  one  of  the  sensory  nerves  of  a 
frog  u9id^  the  skin  of  the  back,  produced  no  sign  of  sensibility  what- 
ever ;  whereas  pricking  the  skin  to  which  this  nerve  was  distzibuted 
immediately  caused  the  frog  to  leap.  Volkmann  many  years  ago 
drew  attention  to  the  great  differences  in  the  sensibility  of  a  nerve 
when  irritated  at  its  periphery,  or  at  the  tnmk  ;  and  Professor  Schiff 
of  Berne,  to  whom  I  mentioned  the  experiment  just  alluded  to,  assured 
me  that  it  was  quite  consonant  with  all  he  had  observed— and  few  have 
had  larger  experience. 
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Thus  does  Anatomy  assure  us  that  both  nerves  are 
sensory,  and  both  nerves  motor.  With  this  torch  in 
our  hands,  let  us  enter  the  otherwise  obscure  path  of 
experimental  inquiiy.  It  is  unnecessary  to  prove  the 
motor  function  of  the  muscle-nerves ;  let  us  inquire 
into  their  sensory  function.  If  the  muscle-nerves  can 
excite  any  Sensibility  at  all,  it  must  be  that  of  what 
we  call  the  Muscular  Sense,  by  which  we  adjust  the 
manifold  niceties  of  contraction  required  in  our  move- 
menta*  In  a  future  chapter  (Our  Senses  and  Sen- 
sations) this  muscular  sense  will  be  examined  in  de- 
tail, and  the  proof  furnished  that  this  form  of  sensi- 
bility persists  when  all  external  stimuli  fail  to  awaken 
any  sensation  whatever.  For  the  present  we  must  be 
content  with  the  fact  that  there  is  a  peculiar  sensibility 
derived  through  the  muscles,  and  that  this  must  have 
for. its  channels  either  the  posterior,  or  the  anterior 
nerves,  '^o  much  is  beyond  question.  Now  it  has 
been  proved  by  the  experiments  of  Arnold,  Brown- 
S^quard,"f-  and  the  present  writer,  that  the  posterior 
nerves  may  be  divided  without  destroying  this  muscular 
sensibility.     Indeed  Brown-Sdquard  divided  aU  the 

*  That  muscles  communicate  with  centres  and  awaken  sensations 
(whiob  can  only  be  done  through  their  nerves)  is  thus  admitted  by 
Todd  and  Bowman:  ^'A  continued  or  violent  irritation  of  a  motor 
nerve  in  some  part  of  its  course,  causing  spasm  or  convulsive  move- 
ment of  the  muscles  it  supplies,  may  he  propoffoted  along  iU  whoU 
lett^th  to  the  centre,  and  may  there  give  rise  to  irritation  of  neighbouring 
fibres,  whether  motor  or  sentUive,  exciting  more  convulsion  and  pain," 
—Physiol.  Anat.,  i.  232. 

t  Arnold  :  Ruckenmarksnerren,  p.  111-113.  Brown-SeQUABD's 
Lectures  in  the  Lancel,  8d  July  1858. 
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sensory  roots  of  the  four  extremities  of  a  frog,  yet  not 
only  did  this  frog  execute  its  ordinary  muscular  adjust- 
ments, but  when  its  nose  was  irritated  with  acid,  the 
fore-l^  was  employed  to  rab  the  add  away.  Perhaps 
you  think  that  this  frog  mored  its  limbs  by  an  effort 
of  the  will  ?  To  anticipate  such  an  objection,  I  ether- 
ised a  frog,  removed  its  brain,  and  skinned  it:  the 
animal  was  thus  rendered  insensible  to  all  external 
stimuli,  and  without  a  brain  to  direct  its  movements ; 
yet  it  adjusted  its  muscles,  and  rubbed  away  the  acid 
from  its  irritated  nose  (the  only  spot  sensitive  to  external 
irritations,  because  the  only  spot  which  retained  its  skin) 
as  perfectly  as  an  uninjured  frog  would  have  done* 

*  I  seixe  this  oppoitoni^  to  defend  myself,  and  other  experimental- 
istey  from  the  cht^rge  of  craelty,  in  performing  experunents  on  live 
ftnimaln.  The  question  is  too  large  to  be  aligned  here ;  but  as  a  purely 
penonal  matter  I  may  say,  that  all  my  friends  know  my  great  fond- 
ness for  animals  of  ereiy  kind,  and  the  almost  exoesmve  shrinlring 
from  the  sight  of  pain  which  renders  it  unendorable  for  me  to  see  ani- 
mals suffering.  Had  it  not  been  for  the  discovery  of  ether  and  chloro- 
form, I  should  never  have  pushed  my  inveetigstions  to  the  length  of 
experiment  on  Uto  animals,  where  great  pain  could  be  supposed  to 
follow.  But  it  is  now  becoming  almost  uniTorsal,  not  simply  out  of 
tenderness  to  animals,  but  out  of  regard  for  accuracy,  to  render  ani- 
mals vuauibU  before  performing  any  serious  operation.  A  frog  or 
salamander,  after  being  etherised,  remains  utterly  insensible  for  mora 
than  two  hours ;  and  dogs  leap  upon  the  operating-table  on  which 
they  have  before  been  etherised,  with  as  much  alacrity  as  if  they  had 
been  fed  there.  It  is  the  toounding,  and  not  iho  wmiidf  which  causes 
pain.  Cut  a  rabbit's  spine  in  two,  and  you  may  see  him  in  a  few 
minutes  qmetly  eating,  as  if  nothing  had  been  done  to  him.  That 
some  experimenters  put  animals  to  great  pain,  and  sometimes  do  so 
with  unjustifiable  thoughtlessness,  is  true ;  but  cruelty  is  never  their 
f  motive :  they  inflict  pain,  not  for  the  sake  of  exerciang  power,  but 

for  the  sake  of  gaining  that  scientific  knowledge  which  is  to  lessen  the 
pain  of  future  men  and  women. 
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The  conclusion  seems  irresistible,  that  the  muscular 
sensibility  is  derived  through  the  anterior,  or  muscle- 
neryesw  What  is  to  oppose  such  a  conclusion  ?  No- 
thing but  the  negative  argument,  which  is  furnished 
by  the  experiment  of  dividing  the  roots  of  the  nerves 
(see  p.  28).  If  the  reader  who  has  followed  the  expo- 
sition thus  far  will  consider  this  experiment  attentively, 
he  will  see  that,  instead  of  being  the  victorious  experi- 
ment it  is  commonly  believed  to  be,  it  does  not  touch 
the  question  at  all.  I  admit,  without  reservation,  the 
fact  that,  when  the  anterior  root  is  irritated,  the 
animal  gives  no  sign  of  sensation.  But  I  affirm  that 
those  who  demand  such  a  sign,  demand  a  kind  of 
evidence  which  cannot,  in  the  natm*e  of  things,  be 
given,  let  the  anterior  root  be  never  so  unequivocally 
sensitive.  Simple  logic  assures  us  that  the  sensibility 
excited  by  the  muscle-nerves  cannot  be  the  same  as 
that  excited  by  the  skin-nerves,  any  more  than  the 
sensibility  excited  by  the  optio  nerve  can  be  the  same 
as  that  excited  by  the  auditory  nerve.  The  argument  I 
am  combating  would,  if  admitted,  serve  to  prove  that 
the  optic  nerve  was  not  sensoiy ;  for  the  optic  centre  will 
not  respond  to  odours,  sounds,  heat,  or  cold ;  and  when  it 
does  respond  to  a  stimulus,  will  only  respond  as  a  sensa- 
tion of  light — that  is  to  say,  its  own  special  form  of  sen- 
sibility— ^whatever  stimulus  awakens  it  Cut  the  optic 
nerve  in  two— pinch  it,  prick  it,  bum  it,  and  you  pro- 
duce no  pain,  nothing  like  it,  nothing  but  the  sensation 
of  a  flash  of  light  Now,  if  we  are  justified  in  attribut- 
ing muscular  sensibility  to  the  anterior  nerves,  it  is 
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obvious  that  these  nerves  when  irritated  can  only  excite 
muscnlar  sensations,  and  no  others.  It  is  further  obvi- 
ous that  the  signs  of  such  sensations  must  be  very  differ- 
ent from  those  of  other  sensations.  Let  us  suppose  that 
an  irritation  of  the  anterior  root,  by  pricking  or  galvan- 
ism, does  awaken  this  muscular  sensibility,  by  what 
sign  could  the  fact  be  known  ?  The  irritation  produces 
no  pain;  it  can  only  produce  liiat  sensation  which 
accompanies,  or  precedes,  adjustment  of  the  muscles,  or 
one  of  the  vague  but  diffusive  sensations  which  muscu- 
lar sensibility  contributes  to  the  general  consciousness. 
The  direct  response  to  such  a  sensation  would  be  an 
adjustment  of  the  muscles  to  which  the  particular  nerves 
were  distributed  ;  but  this  cannot  take  place,  because 
the  connection  between  these  nerves  and  muscles  is  cut 
off.  What  sign  could  be  manifested  ?  Evidently  none 
at  aU.  The  negative  argument,  therefore,  which  this 
experiment  was  supposed  to  furnish,  does  not  touch  the 
question ;  and  the  positive  proof  that  the  anterior  nerves 
minister  to  muscular  sensations,  remains  unaffected. 

Having  proved  the  sensory  function  of  the  anterior 
nerves,  it  is  not  difficult  to  prove  the  motor  function 
of  the  posterior  nerves.  They  cannot  move  the  muscles, 
simply  because  they  are  not  distributed  to  the  muscles; 
but  they  move  the  muscular  fibres  of  the  skin,  and 
cause  the  contractions  of  the  skin.  Claude  Bernard, 
seeing  the  necessity  of  explaining  the  existence  of 
sensibility  in  the  muscles  and  contractility  in  the  skin, 
boldly  assumed — ^and  has  stated  it  as  if  it  were  a  fact 
— that  the  posterior  nerves  sent  off  filaments  to  the 
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muscles,  and  the  anterior  nerres  sent  off  filaments  to  the 
skuL    But  anatomy  will  not  support  that  assertion. 

There  has  been  no  collection  of  facts  to  throw  light 
on  the  movements  of  the  muscular  fibres  in  the  skin ; 
but  it  is  worth  inquiring  what  share  they  have  in  the 
erection  of  quills  upon  the  fretful  porcupine,  or  the 
hairs  on  the  back  of  an  irritated  dog.  Division  of  the 
posterior  roots  would,  I  should  anticipate,  prevent  the 
quills  of  the  porcupine  from  rising  up.  But  there  is 
no  experimental  evidence  on  this  subject  at  present 

The  conclusions  to  which  we  are  thus  led  are  as 
follows :  There  is  no  fondamental  distinction  between 
the  two  nerves  ;  both  are  sensory,  and  both  are  motor; 
but  they  are  so  in  different  degrees.  They  are,  strictly 
speaking,  distinguishable  as  muscle-nerves  and  skin- 
nerves  :  the  muscle -nerves  being  the  channels  for 
muscidar-sensations  and  muscular- movements;  the 
skin-nerves  being  the  channels  for  skin-sensations  and 
skin-movements.  But  inasmuch  as  the  musde-nerves 
have  an  energetic  motor  function,  far  surpassing  that 
of  the  others,  the  name  of  motor  may  continue  to 
designate  the  anterior  nerves ;  and  further,  as  the  skin- 
nerves  are  channels  of  more  intense  and  more  various 
sensations  than  the  muscle-nerves,  the  name  of  sensory 
may  continue  to  designate  the  posterior  nerves — it 
being  luderstood  that  these  are  merely  verbal  distinc- 
tions employed  for  convenience* 

*  Some  experimenters  have  endeavoured  to  prove  that  one  half  of 
the  grey  matter  of  the  Spinal  Chord  ia  devoted  to  motion,  and  the 
other  half  to  sensation ;  but  the  decisive  experiments  of  Sohiff  have 
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We  have  now  gone  over  the  chief  points  needful  to 
be  remembered  respecting  the  structure  and  properties 
of  the  Nervous  System,  and  it  is  hoped  the  reader's 
patience  has  not  been  too  severely  taxed.  To  have 
passed  more  lightly  over  these  points  would  have 
rendered  our  future  progress  less  secure,  and  we  should 
have  been  less  able  to  grapple  with  those  questions  of 
more  general  interest,  which  cluster  round  Feeling  and 
THiNiaNa  Something  like  a  scientific  basis  has  been 
laid  down ;  let  us  now  see  to  the  superstructure. 

VI.  Wheeb  is  the  Sensomum  ?— The  Sensorium 
means  the  seat  of  sensation,  or  consciousnes&  The 
term  sejisorium  commune  means  that  there  is  one 
particular  seat  for  all  sensations  whatever.  Where  is 
that  important  seat  ? 

According  to  the  principles  laid  down  in  these 
pages,  Sensibility  is  the  fundamental  property  of  gan- 
glionic tissue,  and  inherent  in  this  living  tissue,  as  Ck>n- 
tractility  is  inherent  in  the  living  muscular  tissua  It  is 
therefore  clear  that  we  must  make  the  Sensorium,  or  seat 
of  Sensibility,  coextensive  with  the  nervous  centres. 

This  is  by  no  means  the  opinion  of  Physiologista 
They  aver  that  there  is  only  one  centre,  or  one  group 
of  centres,  which  is  endowed  with  Sensibility.  As 
they  have  no  logical  basis  for  this  position,  we  need 
not  be  surprised  to  find  them  by  no  means  agreed 
respecting  the  centre,  or  centres,  which  are  thus  arbi- 

ahown  that  both  halves  are  motor  and  both  sensory ;  and  I  r^ard  this 
as  a  final  proof  of  the  double  function  of  each  nerre-root  connected 
with  each  half. 
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trarily  selected  for  the  Sensorium.  It  seems  a  matter 
of  fancy  with  the  majority ;  and  as  one  man's  fancy  is 
as  good,  or  bad,  as  another's,  we  find  one  stoutly 
afSrming  that  the  Sensorium  is  not  where  another 
positively  places  it  Boutekoe,  Lancisi,  and  others, 
placed  it  in  the  corpus  caUoawm  ;  why  not,  since  the 
selection  seems  arbitrary?  Willis  placed  it  in  the 
corpora  striata;  Descartes  in  the  pineal  gland; 
Vieussens  in  the  centrv/m  ovale;  Boerhaave  in  the 
boundary-line  of  the  grey  and  white  substance  ;  Mayer 
in  the  medviUa  oblonga/ta,  and  Camper  in  the  pineal 
gla/nd,  nates,  and  testes.  They  might  just  as  well  have 
placed  it  in  the  jawbone  or  eyebrows,  as  fiEir  as  any 
scientific  warrant  can  be  given  for  one  of  these  opin- 
ions. And  if  their  modem  successors  have  been  less 
palpably  absurd,  they  seem  almost  equally  to  have 
wanted  any  guiding  principle. 

Much  more  philosophical  was  the  conception  of 
Whytt.  "As  the  schoolmen,"  he  says,  "supposed 
the  Deity  to  exist  in  every  ubi,  but  not  in  any  place, 
which  is  to  say  in  Latin  that  he  exists  everywhere, 
but  in  English  nowhere  ;  so  they  imagined  the  soul  of 
man  not  to  occupy  space,  but  to  exist  in  an  indivisible 
point  Yet  whoever  considers  the  structure  and  phe- 
nomena of  the  animal  frame,  will  soon  be  convinced 
that  the  soul  is  not  confined  to  an  indivisible  point,  but 
must  be  present  at  one  and  the  same  time,  if  not  in  all 
parts  of  the  body,  yet  at  least  wherever  the  nerves  have 
their  origin ;  i.e.,  it  must  be  at  least  diffused  along  a 
great  part  of  the  brain  and  spinal  marrow/'* 

*  Whttt  :  EuayonOie  VttalaTidoth^r Involuntary Motiant,l7Sl^p,  380. 
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Some  years  later  the  admirable  Prochaska  adopted 
a  somewhat  similar  view.  He  conceived  that  the  Brain 
{cerebrum  and  cereheUmn)  was  devoted  to  the  purely 
intellectual  operations — ^to  the  *'  soul-sensations/'  as  he 
calls  them— and  the  rest  of  the  spinal  axis,  including 
the  under  portions  of  the  Brain,  formed  the  sensorium 
commune,  devoted  to  the  ''  body-sensations.'^  He  de- 
fined the  sensorium  much  as  Why  tt  did :  '*  it  is  coex- 
tensive with  the  origin  of  the  nerves."  like  Whytt 
and  Unzer,  he  rightly  perceived  that  the  sensorium 
must  extend  to  the  spinal  chord,  because  decapitated 
animals  manifest  actions  "which  cannot  take  place 
without  the  consentience  and  interventionof  the  nerves ; 
for  the  decapitated  frog,  if  pricked,  not  only  withdraws 
the  punctured  limb,  but  creeps  and  leaps,  which  can- 
not be  done  without  the  consensus  of  the  sensorial  and 
motor  nerves,  the  seat  of  which  consensus  must  neces- 
sarily be  in  the  spinal  chord."* 

In  this,  as  in  so  many  other  questions,  Prochaska 
seems  to  me  to  have  been  very  near  the  truth.  He  falls 
short  in  the  want  of  a  clear  conception  of  the  relation 
between  property  and  tissue.  Had  he  made  the  identity 
of  ganglionic  substance  the  ground  for  assuming  an 
identity  of  property  in  all  ganglia,  his  own  admirable  con- 
ception of  the  Reflex  Actions  would  not  have  been  dis- 
placed by  the  modem,  and,  as  I  think,  erroneous.  Reflex 
Theory,  but  would  have  furnished  convincing  evidence 
of  the  truth  of  his  views  respecting  the  sensorium. 

*  Unzer  and  Prochaska  On  tJu  Nervous  System  (translated  by  Br 
Latoook),  p.  430. 
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AccordiDg  to  the  view  adopted  in  these  pages,  the 
sensorium  commune,  or  general  seat  of  Sensibility,  is 
the  sum  total  of  all  the  nerve-centres ;  while  each  centre 
is  itself  a  small  sensorium.  Bnt  although  all  nerve- 
centres  agree  in  having  one  common  tissue,  and  one 
comTnon  property,  they  differ  more  or  less  among  them- 
selves in  their  organic  connections  with  other  parts,  and 
must  therefore  differ  in  thav  functions.  It  is  the  neglect 
of  this  distinction  which  has  for  so  long  masked  the  truth. 

A  careful  inspection  of  the  various  ganglia  suffices 
to  show,  that  while  the  arrangement  of  their  tissues  is 
somewhat  various,  the  tissues  themselves  remain  iden- 
tical In  the  Brain,  for  example,  the  white  matter  is 
inside,  and  the  grey  matter  outside ;  whereas  in  the 
Spinal  Chord  the  reverse  takes  place;  and  in  some 
other  Granglia  the  white  and  grey  are  intermingled. 
But  such  variations  will  not  alter  the  fundamental  pro- 
pertiea  It  may  be  anticipated,  indeed,  that  men  sharing 
the  ancient  prejudice  respecting  the  Brain  as  the  ex- 
clusive seat  of  sensation,  will  point  to  the  different 
morphological  structure  of  the  Brain  as  a  proof  that  its 
properties  must  be  different  from  those  of  the  Spinal 
Chord.  But  I  think  the  evidence  is  irresistible  which 
shows,  First,  that  the  Sensibility  of  the  Brain  depends 
on  histological,  not  on  morphological  structure — ^in 
other  words,  on  the  tissue  itself,  and  not  on  any  ar- 
rangement of  that  tissue ;  and  Secondly,  that  the  Spinal 
Chord  is  a  seat  of  sensation.  The  first  point  only  can 
be  touched  on  for  the  present 

It  will  scarcely  be  denied  that  Insects,  Crustaceans, 
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and  Mollasca  ore  endowed  with  Sensibility.  Those 
who  deny  them  every  vestige  of  Intelligence  will  never- 
theless admit  that  they  can  fed.  Unless  we  adopt  the 
hypothesis  of  Descartes,  that  all  animals  are  mere 
machines  »  we  must  admit  that,  in  spite  of  the  varieties 
in  their  nervous  ^sterns,  they  have  one  thing  in  com- 
mon— Sensibility. 

But  now,  what  does  comparative  anatomy  teach  us! 
Itteaches  that,  corresponding  with  thisprcperiy,  which 
all  animals  have  in  common,  there  is  a  tissue  they  have 
.  in  common ;  but  with  this  fundamental  histological 
resemblance,  there  is  a  great  morphological  diversity. 
Nerve-tissue  is  everywhere  similar ;  but  the  arrange- 
ments of  that  tissue  are  very  variona  In  the  simplest 
f  "K'  *^  form  of  the  Nervous  System  yet 

discovered — namely,  that  of  the 
Ascidian  (an  animal  shaped  like 
a  flask  with  two  short  necks, 
remaining  for  ever  fixed  on  one 
spot) — it  consists  of  one  gan- 
glion and  a  few  nerve-threads. 
Higher  in  the  scale  we  meet  with 
a  mollusc  such  as  the  Aplyda 
(sea-hare),  having  five  ganglionic 
n,™s{fig.43). 

A  still  higher   development, 
NiK»QU8  svarsM  or  apltwa.  and  One  appToaching  the  verte- 

■  I  bIuII  hereafter  endeavour  to  abov  that  aJthough  the  animal  Dif(ui- 
iim  ii  in  moQjr  resptaila  u  mecbaDwin,  it  is  always  a  tmtUitt  mechanism. 
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where  the  ganglia  are  arranged  Bymmetrically  along  the 
axis  of  the  body.    These  Jbrms  are,  it  is  obyious,  very 
unlike  those  of  man  or  vertebrate  animals  ;  yet  if  we 
examine  the  tissue  of  these  ganglia,  we       Yig.  u, 
shall  find  it  to  be  as  mnch  like  the  gan- 
glionic tissue  of  men,  as  the  muscles  of 
these  animals  are  like  the  moscles  of 
mea     From  this  resemblance  in  struc- 
ture we  conclude  that  there  is  a  corre- 
sponding resemblance  in  property ;  and 
finding  that  insects  and  molluscs  mani- 
fest signs  of  Sensibility,  we  have  no  difiS- 
cnlty  in  assigning  Sensibility  to  this  very 
structure. 

The  ganglia  placed  in  the  head  of  an 
insect  are,  morphologically,  utterly  unlike 
the  Brain  of  a  vertebrate  animal;  never- 
theless having  similar  organic  relations 
— that  is  to  say,  being  in  connection  with 
the  higher  organs  of  Sense — ^wc  have  no 
hesitation  in  speaking  of  the  brain  of  a 
Bee.    What  amount  of  intelligence  the  nebvo™  stbtui 
bee  may  possess  we  do  not  know ;  bnt  we     (^^"  iwtoa.) 
see  that  it  has  Sensibility  and  YoHtion ;  and  anatomists 
generallyregard  the  ganglia  connected  with  the  organs  of 
Sense  as  the  seat  of  this  Sensibility  and  Volition.    For 
my  present  ptirpose  it  is  enough  to  take  note  of  this 
admission.    If  the  cephalic  ganglia  of  an  insect  can  be 
credited  with  Sensibility  and  Volition,  in  spite  of  their 
morphological  tmlikeness  to  the  Brain,  and  in  virtue  of 
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their  possessing  a  similar  tissue,  and  similar  organic 
connections;  surely  the  ganglia  of  the  Spinal  Chord 
may  be  credited  with  Sensibility  and  Volition,  in  spite 
of  their  morphological  unlikeness  to  the  Brain,  seeing 
how  very  closely  they  resemble  the  Brain  in  tissue  ? 

Let  no  one  suppose  that  the  mere  position  of  the 
Brain  and  cephalic  ganglia,  endows  them  with  this  pro- 
perty of  Sensibility.  Properties  do  not  originate  in 
anatomical  positions.  Unless  the  Sensibility  were  pre- 
sent, no  connection  with  the  organs  of  Sense  would 
avail  In  experiments  on  the  Sensorial  Centres  of 
Insects  (not  yet  published),  I  found  that  the  ganglia 
styled  ''Brain''  are  in  no  respect  different  from  the 
other  ganglia  in  structure  or  in  property ;  the  only 
differences  observable  arise  from  the  organs  of  Sense,  or 
Motion,  with  which  they  are  connected :  i.e.  their  func- 
tions differ.  And  we  shall  hereafter  see  that,  in  man 
and  vertebrate  animals,  the  differences  in  the  functions 
of  the  various  organs  of  the  nervous  system  are  all 
forms  of  Sensibility,  determined  by  their  different  con- 
nections with  other  parts  of  the  body. 

The  view  adopted  by  modern  physiologists  is  very 
different ;  but  the  facts  remain  the  same,  whichever  in- 
terpretation be  adopted ;  and  I  only  urge  mine  because 
it  is  based  on  certaru  simple  and  indisputable  prin- 
ciples, and  makes  the  present  chaotic  condition  of  our 
knowledge  a  little  less  chaotic.  The  current  view  is 
this :  Sensibility  belongs  only  to  the  centres  within  the 
skull ;  all  other  centres  have  only  the  property  oi  reflect 
ing  impressions.    By  tMs  reflection  of  impressions  is 
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meant,  that  when  an  impression  is  made  on  a  sensory 
nerve,  and  by  it  carried  to  the  spinal  chord,  the  impres- 
sion there  becomes  reflected  into  a  motion — the  motor- 
nerve  carries  the  impulse  to  a  muscle ;  and  thus  an 
action  results,  unprompted,  or  unaccompanied  by  any 
sensation  whatever. 

In  direct  opposition  to  this,  I  maintain  that  unless 
an  impression  on  the  sensoiy  nerve  excites  a  sensation 
in  the  centre,  no  motion  whatever  takes  place.  But  the 
proof  of  this  must  come  later  on. 

VIL  Sensibility,  Sensation,  and  Consoiousness. 
— ^We  have  now  reached  the  cardinal  question  in  nerve 
physiology,  the  clear  answer  to  which  must  necessarily 
determine  our  answer  to  many  other  questions. 

It  is  somewhat  remarkable  that  while  many  physio- 
logists might  be  disposed  to  concede  that  all  nervous 
centres  were  endowed  with  Sensibility,  they  would  al- 
most unanimously  reject  the  inevitable  consequence, 
that  all  nervous  centres,  in  action,  give  rise  to  Sensor 
Hon,  and  thus  furnish  elements  to  the  general  Con- 
sdousness.  They  have  no  difficulty  in  admitting  that 
Contraction  is  the  active  state  of  Contractility  in  a 
muscle ;  but  that  Sensation  should  be  the  active  state 
of  Sensibility  in  a  nerve-centre,  does  not  seem  to  them 
so  clear.  Ouided  in  their  use  of  language  by  the  deep- 
rooted  prejudice  respecting  the  Brain,  they  establish  a 
wide  distinction  between  "sensitive  impressions"  and 
"  sensations,"  and  hence  they  find  no  difficulty  in  speak- 
ing of  ''  unfelt  sensations,''  and  of  "  unconscious  sensi* 
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bility."  It  is  not  with  a  view  to  accuracy  in  language 
only  that  I  suggest  the  desirableness  of  getting  rid  of 
such  terms;  no  ilnpression  can  be  sensitive  without 
sensation.  Let  us  see  if  greater  accuracy  of  language 
wUl  not  help  us  in  our  inquiry.  It  is  maintained  on 
all  hands  that  sensation  is  impossible  without  con- 
sciousness. Let  this  be  granted.  But  when  Conscious- 
ness itself  comes  to  be  spoken  of,  we  find  that  the  Brain 
is  regarded  as  its  exclusive  seat ;  and  the  conclusion 
of  course  is  that  no  sensation  can  be  produced  by  an 
impression,  unless  that  impression  reach  the  Brain. 
If  an  animal  without  its  Brain  is  shown  to  exhibit  every 
sign  of  sensation,  exhibited  when  the  Brain  was  present, 
the  physiologists  argue  that  we  must  not  suppose  the 
brainless  animal  really  has  sensations  ;  far  from  it :  it 
has  only  sensitive  impressions  which  produce  reflex 
actions,  without  any  Consciousness  on  the  part  of  the 
animal  To  have  sensations  and  to  be  conscious  of 
sensations,  is  one  and  the  same  thing.  To  have  a  sen- 
sation and  to  know  that  we  have  it,  are  two  things,  not 
one  thing.  Knowledge  cannot  exist  without  conscious- 
ness ;  but  consciousness  may,  and  often  does,  exist 
without  knowledge. 

But  what  is  meant  by  Consciousness  ?  Unhappily 
there  are  scarcely  two  writers  who  precisely  agree  in 
their  use  of  this  term.*  Some  use  it  as  the  synonym 
of  the  soul ;  others  as  a  distinct  faculty.    It  is  some- 

«  Mr  Bain  fills  no  less  than  sue  lai^  pages  with  an  enumeration  of 
the  various  meanings  given  to  it  by  English  writers.  See  "The  Emotions 
and  the  Will,"  p.  599. 
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times  employed  to  designate  sensation,  and  at  others 
only  those  sensations  which  usurp  the  attention.  All 
we  can  attempt  in  this  place  is  to  fii  the  precise  mean- 
ing of  our  terms,  and  stick  to  that ;  and  as  Conscious- 
ness more  generally  implies  sensation  than  anything 
else,  we  will  elect  that  meaning,  and  see  if  by  it  we 
cannot  clear  up  manifold  contradictions. 

The  fact  that  we  hare  a  sensitive  organism  is  indis- 
putable ;  not  less  so  the  fact  that  this  organism  is  in- 
cessantly excited  by  external  and  internal  stimuli. 
Every  such  excitation  of  the  sensitiye  organism  must 
be  a  sensation.  These  sensations  will  necessarily  be 
very  various,  as  the  organs  excited,  and  the  exciting 
causes  are  various ;  but  they  must  all  be  sensations, 
they  are  all  active  states  of  the  genend  property  of 
sensibility.  Ergo^  they  must  all  be  elements  of  Con- 
sciousness. 

The  established  doctrine  affirms,  or  impUes,  that 
only  those  excitations  of  sensibility  which  are  suffi- 
ciently vivid  to  predominate  among  the  myriads  fleet- 
ing over  our  organism,  and  thereby  to  attract  at- 
tention, are  properly  called  sensationa  Of  these  we 
are  said  to  be  conscious.  The  rest  are  considered  as 
non-existent — ^unconscious  impressions,  which  may  lead 
to  actions,  but  are  not  sensations. 

It  is  of  course  permissible  to  define  terms  as  you 
please.  Writers  may  call  that,  and  that  only,  a  sensa- 
tion which  separately  solicits  the  attention ;  they  may 
declare  that  unless  it  is  "perceived,"  no  sensation  can 
exist    So  long  as  this  language  is  rigorously  preserved, 

VOL.  n.  D. 
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it  may  be  unobjectionable.  But  it  cannot  long  be  pre- 
served Insensibly  writers  are  led  by  it  into  the  glaring 
contradictions  of  unfelt  feelings  and  unconscious  con- 
sciousness.* For  example,  the  chest  expands  and  con- 
tracts in  respiration ;  and,  if  we  attend  to  it,  a  peculiar 
sensation  is  perceived  accompanying  the  process ;  but 
if  attention  be  elsewhere  directed,  the*  sensation  is  not 
perceived.  Now  we  know  that  in  both  cases  a  sensory 
stimulus,  playing  on  the  respiratory  centre,  was  re- 
flected as  a  motor  stimulus  on  the  muscles,  and  we  are 
tiberefore  forced  to  adopt  one  of  two  alternatives : 
Either,  the  same  sensation  was  evoked  in  both  cases, 

although  perceived  only  in  the  first ; 
Or,  Attention  is  itself  the  creator  of  the  sensation. 
This  latter  alternative  is  too  purely  metaphysical 
for  the  physiologist,  who  in  vain  endeavours  to 
conceive  the  -Attention  endowing  a  sensory  nerve 
with  such  a  quaUty.f 
On  this  point  let  us  hear  Miiller :  ''  Sensation  itself 
must  be  distinguished  from  attention  (the  direction  of 
the  mind  to  sensations),  and  from  the  faculty  of  form- 
ing ideas  from  sensations.    Attention  appears  to  be  a 

*  *'  The  subject  has  been  mystified  by  Arnold  and  others,  by  dis- 
cussions about  sensations  with,  and  without,  consciousness,  as  if  the 
latter  phrase  were  not  a  contradiction  in  terms ;  and  even  Professor 
Alison  writes  in  the  following  manner — '  In  order  that  these  sensations 
may  be  felt ;  *  as  if  the  phrase  were  not  one  of  perfect  tautology.** — 
Marshall  Hall  :  Ntw  Memoir  on  the  Nerwnu  System,  p.  85. 

f  The  eminent  physiologist  LuDWio  unequiyocally  declares  that  we 
only  receive  a  sensation  so  long  as  we  attend  to  it. — LeMuch  der 
Phytiologie,  1858,  i.  598 ;  and  many  others  might  be  cited  to  the  same 
effect. 
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fdnctdon  of  the  cerebral  hemispheres ;  by  their  remoyal 
the  animal  is  rendered  stupid,  but  sensation  remains. 
Among  a  certain  number  of  simultaneous  sensations 
we  are  able  to  direct  our  attention  to  a  single  one  so 
as  to  perceive  it  not  only  more  distinctly  than  the  rest, 
but  definedly  and  in  its  whole  intensity."  *  We  may 
also  quote  the  remarks  of  Oerdy  on  the  popular 
confusion  of  terms.  "  It*'  he  says,  " it  is  necessary  that 
there  should  be  a  perception  for  the  existence  of  a 
sensation,  it  will  follow  that  the  words  sense  and  sen- 
sitive have  a  double  meaning,  the  one  patent — to  wit, 
that  the  organs  indicated  are  sentient;  the  other 
occvU — ^to  wit,  that  the  organs  are  not  sentient  in 
themselves,  but  only  in  conjunction  with  perception. 
Whence  it  results  that  the  senses  are  not  sentient,  be- 
cause they  do  not  perceive ;  and  the  Brain  alone  has 
this  privilege,  because  it  perceives  although  it  is  itself 
insensible.''  -f- 

Every  one  will  admit  that  attention  does  not  create 
the  sensation.  All  it  can  do  is  to  isolate  one  sensation 
from  the  crowd  of  simultaneous  sensations;  nay,  one 
may  ask  whether  attention  itself  be  anything  more 
than  that  veiy  isolation  of  one  sensation  from  the 
crowd?  Sir  Henry  HoUand  suggests  that  attention  is 
only  the  direction  of  the  consciousness  \\  but  leaving 
this  matter  to  the  psychologists,  let  us  content  our- 
selves with  discriminating  the  elements  of  sensation 

•  MiJLLEB :  PhytioL  ;  by  Balt,  L  829. 

f  GXBDT :  Phytioloffie  phUoaophiqM  des  SentaUoni,  p.  20. 

t  HoLLAin):  Chaptert  on  Menial  Phytiology. 
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from  those  of  perception.  Sir  William  Hamilton^ 
whose  multifarioiis  learning  embraced  even  the  recon- 
dite questions  of  physiology,  has  announced  the  law : 
That  a  nervous  point  yields  a  sensation  felt  as  locally 
distinct  in  proportion  as  it  is  isolated  in  its  action  from 
every  other  point*  This  law  of  local  distinction  must 
be  extended  to  eveiy  distinction  of  sensations :  only 
when  one  impression  is  isolated  from  the  several  simul- 
taneous impressions,  can  it  so  fur  arrest  attention  as  to 
be  perceived    Let  an  example  be  cited : 

During  the  performance  of  an  orchestra  we  may 
single  out  a  particular  instrument,  or  group  of  instru- 
ments, following  them  with  attention.  It  is  obvious 
that  in  doing  so  we  neve^  endow  these  instruments 
with  any  real  increase  of  intensity,  or  with  any  new 
power  :  the  amount  of  sensation  they  awaken  in 
us  is  not  exalted  by  our  attention;  nevertheless^ 
because  we  have  isolated  that  sensation  from  the  har- 
monious concord  of  sounds,  amid  which  these  instru- 
ments move,  we  perceive  sounds  which  before  were 
unperceived,  and  which  by  less  experienced  ears  always 
would  remain  unperceiyed,  merged  in  orchestral 
thunder.  In  common  language  we  are  said  not  to  hear 
the  particular  instruments,  when  we  cannot  separately 
follow  them.  Yet  nothing  is  more  certain  than  that 
we  do  hear  them.  We  are  affected  by  them  Suddenly 
silence  those  instruments  in  the  very  climax  of  a  cres- 
cendo, and  the  storm  of  the  others  will  not  prevent 
our  distinctiy  perceiving  some  difference. 

*  Ham ILTOK :  Diuert,  to  HeitCt  Wortt,  p.  862. 
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We  shall  do  well  to  hold  fast  by  the  mazim  that  to 
have  a  sensation,  and  to  be  conscious  of  it,  are  one  and 
the  same  thing ;  but  to  have  a  sensation,  and  to  attend  to 
it,  are  two  different  things.  Attention  is  the  direction 
of  the  consciousness — not  the  consciousness  itself  We 
shall  do  well  also  to  hold  fast  by  the  distinction  very 
properly  established  between  Sensation  and  Perception. 
That  this  distinction  is  constantly  overlooked,  is  the 
cause  of  much  disagreetnent,  and  it  is  the  confusion  of 
the  two  terms  which  lies  at  the  root  of  the  current 
doctrine  on  the  Sensorium. 

Let  us  open  Todd  and  Bowman's  work,  and  read  the 
following  passage,  in  which  these  eminent  physiologists 
express  with  great  explicitness  the  view  I  am  opposing : 
"  A  state  of  the  sensitive  organs  and  a  corresponding 
perception  by  the  mind,  must  concur  to  produce  sen- 
sation :  either  condition  may  exist  alone,  but  then  the 
phenomenon  is  not  a  true  sensation  in  Uie  acceptation 
here  given  to  the  word.  Thus  light  falling  on  the  eye 
in  sleep  excites  the  whole  visual  sensitive  apparatus 
while  the  organ  of  perception  is  inactive."  • 

Without  denying  to  these  writers  the  privilege  of 
defining  their  terms  as  they  please,  I  must  ask  what 
advantage  there  can  be  in  blending  together  the  two 
words  Sensation  and  Perception,  inasmuch  as  we  must 
afterwards  invent  a  term  to  express  the  excitement  of 
the  sensitive  apparatus  ?  This  excitement  is  specific, 
and  its  sensational  character  is  visible  in  the  effects 
produced  by  it — for  the  sleeping  man^  thus  excited, 

*  Todd  and  Bowhak  :  Physiological  Anatomy,  L  i02. 
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perceives  no  object,  but  he  feds  the  sensation,  and 
moves  away  his  head  from  the  light  in  conseqaenoa 

It  will  be  more  exact,  and  more  convenient,  to  re- 
strict the  term  Sensation  to  the  simple  reaction  of  the 
Sensitive  Organism. 

There  is,  I  am  aware,  an  unfortunate  ambiguity  in 
our  popular  language,  which  renders  it  plausible  to  say 
that  unless  a  sensation  is  perceived,  it  is  the  same  as 
if  it  did  not  exist.  Tet  closer  scrutiny  detects  that  we 
certainly  must  have  many  sensations  which  are  not 
perceived  at  all  Thus  if  two  sharp  instruments  be 
made  to  press  gentiy  on  each  arm,  we  shall  have  two 
distinct  sensations,  both  perceptible.  Whether  these 
two  sensations  are  simultaneous,  or  successive,  matters 
not,  the  two  impressions  on  the  sensitive  nerves  excite 
two  sensations  in  their  centres.  But  now,  while  the 
left  arm  retains  its  sensibility,  if  the  instrument  be 
pressed  so  forcibly  on  the  right  arm  as  to  cause  pain, 
we  become  totally  unaware  of  the  sensation  in  the  left 
arm — ^we  can  no  longer  perceive  the  sensation  caused 
by  the  instrument,  which  nevertheless  is  pressing  as 
before.  Is  the  sensibility  in  the  left  arm  destroyed? 
Not  at  all.  Does  the  sensation  cease  to  exist  during 
the  period  when  we  cease  to  be  aware  of  it  ?  No :  the 
impression  has  continued ;  the  relation  of  the  sensitive 
nerve  to  its  centre  has  been  iminterrupted,  and  the 
sensation  must  consequently  have  continued.  It  will 
be  perceived,  as  soon  as  the  pain  in  the  other  arm 
abates. 

While  I  am  writing  these  lines  the  trees  are  rustling 
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in  the  summer  wind,  the  birds  are  twittering  among 
the  leayes,  and  the  muffled  sounds  of  carriages  rolling 
oyer  the  Dresden  streets  reach  my  ear ;  bnt  because 
the  mind  is  occupied  with  trains  of  thought  these 
sounds  are  not  perceived,  until  one  of  them  becomes 
importunate,  or  my  relaxed  attention  turns  towards 
them.  Nevertheless,  when  unperceived,  the  sounds 
reached  my  ear,  and  excited  sensory  impressions :  if 
these  sensory  impressions  are  not  to  be  called  sensa- 
tions, because  they  were  not  perceived,  they  must  have 
some  name  given  to  them,  and  a  name  which  will 
indicate  that  they  are  aflfections  of  the  sensitive 
organism.  They  were  not  lost ;  they  were  not  altered 
in  character  because  their  subsequent  effects  were  not 
manifest  in  Thought ;  they  were  not  without  their  in- 
fluence in  adding  to  the  sum  of  general  Consciousness. 
It  is  because  they  were  states  of  Sensibility  that  they 
must  be  called  sensations. 

To  elucidate  this  we  must  first  consider  the  Law 
of  Sensibility :  No  sensation  termincUes  vn  itself;  it 
rrmst  either  discharge  its  excitation  in  some  second- 
ary sensation,  or  in  some  m^tor-imipulse,  OeneraUy 
it  does  so  in  both  together, 

A  selt'-terminating  sensation  is  as  inconceivable  as  a 
self-terminating  motion.  The  wave  of  force  is  pro- 
pelled onwards,  and  for  ever  onwards,  now  in  this 
direction,  and  now  in  that.  An  impression  made  on 
the  skin  is  transmitted  by  the  sensory  nerve  to  the 
ganglion,  and  this  ganglion,  being  excited,  excites  the 
motor  nerve  in  connection  with  it,  producing  a  muscu- 
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lar  oontractioiL  If  this  ganglion  and  pair  ot  neires 
were  all  the  nervonfl  system,  or  were  isolated  from  the 
others,  nothing  more  would  ensue  ;  the  sensory  stimu^ 
Ins  would  have  discharged  itself  in  a  muscular  con- 
traction, and  what  is  called  a  Beflex  Action  would  have 
been  produced.  The  stimulus  of  lights  for  instance, 
&lling  on  the  eye,  causes  the  muscles  of  the  iris  to 
contract  But  inasmuch  as  every  ganglion  is  con* 
nected  with  other  ganglia,  and  inasmuch  as  we  have 
previously  seen  that  the  nerve-fibres  which  connect 
the  two,  have  their  Neurility  excited  when  one  of  these 
ganglia  is  excited,  the  sensation  awakened  in  the  first 
ganglion  not  only  discharges  itself  in  a  muscular  con- 
traction, or  Beflex  Action,  but  also  in  another  sensa- 
tion,— ^it  plays  on  a  muscle,  and  it  plays  on  a  centra 
This  secondary  sensation,  I  have  called  Beflex  Feeling, 
for  the  sake  of  marking  its  resemblance,  as  a  physio- 
logical process,  to  Beflex  Action.  This  secondary,  or 
reflex,  feeling  may  in  turn  discharge  itself  in  an  action, 
or  in  another  feeUng. 

To  take  a  rough  illustration :  A  fly  settles  on  your 
hand  while  you  are  writing.  The  tickling  sensation 
may  either  cause  you  to  withdraw  your  hand,  by 
reflesl-action,  without  attracting  any  attentioti  to  it, 
without  exciting  any  reflex-feeling ;  or  it  may  excite 
your  attention,  without  causing  you  to  withdraw  your 
hand  Or,  finally,  it  may  cause  you  both  to  withdraw 
your  hand,  and  to  attend  to  it.  In  the  first  of  these 
cases  you  would  be  said  not  to  have  felt  the  fly ;  your 
attention  was  elsewhere.    But  if  you  had  not  felt  it,  if 
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the  sensation  bad  not  been  ezdted,  no  witbdrawal  of 
tbe  band  would  bave  followed. 

We  sball  bereafter  bare  to  consider  tbis  point  more 
tborougbly ;  enongb  for  the  present  if  we  recognise 
that  a  sensation,  once  excited,  must  discbarge  itself  in 
a  reflex-action,  or  in  a  reflex-feeling,  and  may  discbarge 
itself  in  both. 

In  those  parts  of  the  organism  which  are  so  arranged 
that  tbe  easiest,  readiest  path  for  tbe  issue  of  a  sensa- 
tion is  that  of  muscular  contraction,  we  sball  find  that 
eyeiy  stimulus  produces  Seflex-Action — ^in  other  words, 
an  action  not  indeed  unaccompanied  by  sensation,  but 
unaccompanied  by  secondary  sensations,  or  Seflex- 
Feeling.  Tbe  rhythmic  motion  of  tbe  heart,  and  the 
movements  of  tbe  intestines,  are  examples  They  do 
not  go  on  without  producing  sensation ;  on  tbe  con- 
trary, the  feeling  excited  by  them  constitutes  an  in- 
tegral part  of  the  general  Consciousness;  but  habit- 
uaUy  they  excite  no  recognisable  trains  of  secondary 
sensoiHon;  and  in  popular  language  we  are  said  not  to 
fed  them.  Wioldng  and  Breathing  are  in  like  manner 
reflex-actions  ;  but  they  are  both  liable  to  force  double 
issues,  and  to  excite  reflex-feelings  as  well  as  reflex- 
actions, — ^we  are  then  said  to  feel  that  we  are  winking 
or  breathing.  Contrasted  with  these,  there  are  parts  of 
tbe  nervous  mechanism  in  which  the  easiest  path  for  a 
sensation  is  that  of  another  sensation;  one  feeling 
excites,  by  reflex,  another  feeling,  one  idea  calls  up 
another  idea ;  and  this  either  with,  or  without,  exciting 
a  reflex-action.    If  a  tone  awakens  your  recollection  of 


$8  FEELINO  AND  THINKIKG. 

one  bar  of  a  particular  melody,  you  will  find  it  is  only 
by  an  eifort  that  you  can  prevent  the  whole  of  that 
melody  from  passing  oyer  your  mind ;  and  this  melody 
may  either  excite  reflex  vocal  expression,  or  be  con- 
tinued without  such  reflex-action. 

Habits,  Fixed  Ideas,  and  what  are  called  Automatic 
Actions,  all  depend  on  the  tendency  which  a  sensation 
has  to  discharge  itself  through  the  readiest  channel 
In  learning  to  speak  a  new  language,  to  play  on  a 
musical  instrument,  or  to  perform  ^y  unaccustomed 
movements,  great  difficulty  is  felt,  because  the  chan- 
nels through  which  each  sensation  has  to  pass  have 
not  become  established;  but  no  sooner  has  frequent 
repetition  cut  a  pathway,  than  this  difficulty  vanishes; 
the  actions  become  so  automatic  that  they  can  be  per- 
formed while  the  mind  is  otherwise  engaged;  and 
sometimes,  if  once  commenced,  they  must  continue. 
We  have  all  our  tricks  of  phrase  or  gesture,  which  no 
effort  can  prevent.  We  utter,  as  meaningless  exple- 
tives, phrases  which  originally  cost  us  trouble  to  learn. 
It  is  in  vain  that  people  laugh  at  us  for  the  iteration 
of  "you  know,"  "well  then,"  and  similar  phrases, 
which  are  often  ludicrously  inappropriate ;  they  have 
become  automatic — the  paths  of  discharge  have  been 
established,  and  along  these  paths  the  sensation  must 
discharge  itsel£  The  same  thing  is  observable  in  the 
region  of  ideas.  Old  associations,  old  beliefis,  are  not 
to  be  displaced.  A  man  may  be  thoroughly  convinced 
to-day  by  the  logic  of  his  opponent,  and  yet  to-morrow 
he  will  be  heard  uttering  his  old  convictions,  as  if  no 
one  had  ever  doubted  them.     His  mind  cannot  move 
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except  in  the  old  path&  It  may  be  noted  as  the  pecu- 
liar characteristic  of  vigorous  intellects,  that  their 
thoughts  are  ever  finding  new  pathways  instead  of 
moving  amid  old  associations.  The  vigorous  thinker 
is  one  who  thinks  for  himself;  the  vigorous  writer  is 
one  who  expresses  what  he  means,  and  does  not  suffer 
one  phrase  automatically  to  determine  another.  If  he 
has  a  manner,  or  mannerism,  it  is  his  own.  Inferior 
minds  think  the  thoughts  of  others,  and  write  the 
phrases  of  others.  Hence,  as  Goethe  says,  in  this 
world  there  are  so  few  voices  and  so  many  echoes. 

Betuming  from  this  digression,  we  may  now  under- 
stand that  although  a  sensation  must  discharge  itself, 
and  may  do  so  in  various  directions,  now  exciting 
muscular  contractions,  and  now  trains  of  thought,  we 
are  not  to  suppose  the  sensation  itself  is  dependent  on 
these  effects  ;  or  to  suppose,  as  the  dominant  doctrine 
does,  that,  unless  a  train  of  thought  be  excited,  no  sen- 
sation at  all  has  been  excited.  Sensation  is  simply  the 
active  state  of  Sensibility,  which  is  the  property  of 
ganglionic  tissua 

The  mill-wheel,  at  first  so  obtrusive  in  its  sound, 
ceases  at  length  to  excite  any  attention.  The  impres- 
sions on  our  auditory  nerves  continue ;  but  although 
we  hear  them,  we  cease  to  think  about  them :  the  same 
reflex-feelings  are  no  longer  excited.  It  is  held,  in- 
deed, that  we  cease  to  hear  them,  in  ceasing  to  be 
"  conscious"  that  we  hear  them ;  but  this  is  manifestly 
erroneous.  Let  the  wheel  suddenly  stop,  and  there  is 
an  immediate  corresponding  sensational  change  in  us ; 
so  much  so,  that  if  it  occurs  during  sleep,  we  awake. 
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Let  tihe  wheel  move  with  a  slower  movement,  and  vre 
shall  at  once  be  aware  of  it  Let  it  creak,  and  we  hear 
it  Now,  it  is  dear  that  imless  we  are  all  the  while 
sensible  of  the  sounds  of  the  wheel,  no  alterations  in 
the  degrees  of  soimd  will  affect  ua  If  the  sensation  of 
sound  has  ceased,  the  cessation  of  that  sound  cannot 
awaken  us.  The  truth  seems  to  be  that  at  first  the 
sound  of  the  wheel  was  obtrusive — excited  reflex-feel- 
ings — ^gave  determinate  directions  to  our  thoughts. 
It  afterwards  ceased  to  excite  these  feelings,  and  the 
sensations  became  merged  in  the  general  sum  of  sen- 
sations which  make  up  our  total  Consdousnesa  ''The 
habit  of  hearing  the  same  sounds,"'  says  Jouffiroy, 
"renders  us  sometimes  highly  sensitive  to  them,  as 
in  the  case  of  savages ;  sometimes  again  almost  in- 
sensible to  them,  as  exemplified  in  the  apathy  of  the 
Parisian  or  Londoner  for  the  noise  of  carriages.  If 
the  effect  were  physical — if  it  depended  on  the  body 
and  not  on  the  mind — ^there  would  be  a  contradiction, 
for  the  habit  of  hearing  the  same  sound  either 
blunts  the  organ  or  sharpens  it ;  it  could  not  at  once 
have  two,  and  two  contrary,  effects — ^it  could  have  only 
one.  The  fact  is,  it  neither  blunts  nor  sharpens ;  the 
organ  remains  the  same — the  same  sensations  are  de- 
termined; but  when  these  sensations  interest  the 
mind,  it  applies  itself  to  them,  and  becomes  accustomed 
to  their  discrimination :  when  they  do  not  interest  it, 
it  becomes  accustomed  to  neglect,  and  does  not  discri- 
minate them."* 

*  Quoted  in  Haiolton  :  Ledures  on  MetaphyMS,  i.  828. 
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One  cannot  help  the  equiyoqnes  of  language.  It  will 
always  seem  absurd  to  say  we  can  have  sensations  and 
not  be  conscious  of  them,  because  the  word  conscious- 
ness has  become  restricted  to  those  sensations  to  which 
the  attention  is  directed.  The  explanation  given  by 
Whytt  is  worth  attending  to :  "  When  I  say  we  are 
not  conscious  of  certain  impressions  made  on  the  mind 
by  the  action  of  material  causes  on  the  organs  of  the 
body,  I  mean  no  more  than  that  we  have  no  such  con- 
sciousness or  perception  of  them,  as  either  convinces 
us  of  their  existence  when  present,  or  enables  us,  by  the 
help  of  memory,  to  recall  them  when  past"  *  Con- 
sciousness is  here  considered  as  identical  with  Percep- 
tion; it  is  generally  considered  identical  with  Sensation. 
And  the  question  recurs :  Can  there  be  sensation  with- 
out perception  ? 

Nothing  is  more  certain  than  that  we  have  many 
sensations  which  are  not  perceived  at  all,  of  which  we 
are  said  to  be  wholly  "  unconscious."  They  are  either 
so  £unt  in  themselves,  or  so  familiar,  they  are  either 
so  submerged  in  stronger  sensations,  or  so  incapable  of 
exciting  trains  of  Befiex-Feeling  in  the  preoccupied 
mind,  that  we  are  neither  '' conscious ''  of  them  when 
present,  nor  capable  of  remembering  them  afterwards 
For  example :  it  may  happen  that  we  fall  asleep  during 
a  sermon  (such  cases  have  occurred),  or  while  a  book  is 
being  read  aloud.  The  sound  of  the  speaker's  voice  is 
heard,  but  the  words  gradually  cease  to  be  perceived. 
Page  after  page  is  read  aloud,  exciting  no  perception  at 

*  Whttt  :  Of  the  Vital  and  Involuntary  MoHont,  p.  287. 
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all  in  onr  minds ;  but  has  there  been  no  sensation 
excited  ?  We  have  not  heard,  but  have  we  not  been 
affected  by  the  sounds?  To  prove  that  we  have,  is 
easy.  Let  the  reader  suddenly  cease,  and  if  our  sleep 
be  not  too  profound,  we  at  once  awake.  Now«  unless 
the  sound  of  his  voice  affected  us,  it  is  dear  that  the 
cessation  of  that  sound  could  not  have  affected  us.  Or 
let  us  suppose  our  sle^p  to  be  unbroken  by  the  cessa- 
tion of  the  sound ;  even  this  will  not  prove  that  we 
have  been  unaffected  by  the  sounds,  it  will  merely 
prove  that  those  sounds,  or  their  cessation,  did  not 
awaken  a  reflex-feeling.  For  let  the  reader,  in  no 
louder  tone,  ask,  '*  Are  you  asleep  ? "  and  we  start  up, 
with  round  eyes,  declaring, ''  Not  at  alL'^  Nay,  should 
even  this  question  fail  to  awaken  us,  the  speaker  need 
only  utter  some  phrase  Ukely  to  excite  reflex-feeling — 
such  as  ''  There's  the  postman,''  or  *'  I  smell  fire,"  and 
we  start  up. 

I  remember  once  trying  the  experiment  on  a  wearied 
waiter,  who  had  fallen  asleep  in  one  of  the  unoccupied 
boxes  of  a  tavern.  His  arm  rested  on  the  table,  and 
his  head  rested  on  his  arm :  he  snored  the  snore  of  the 
weary,  in  spite  of  the  noisy  laughter  and  talk  of  the 
guests.  I  called  out  "Johnson,"  in  a  loud  tona  It 
never  moved  him.  I  then  called  **  Wilson,"  but  he 
snored  on.  No  sooner  did  I  call  **  waiter,''  than  he 
raised  his  head  with  a  sleepy  *'  yessir"  Now,  to  sup- 
pose, in  this  case,  that  he  had  no  sensation  when  the 
words  "Johnson"  and  "Wilson"  reached  his  ears,  but 
had  a  sensation  when  the  word  "  waiter "  reached  his 
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ears,  is  to  suppose  that  two  similar  causes  will  not  pro- 
duce a  similar  effect  The  dissyllable  "Johnson"  would 
excite  as  potent  a  reaction  of  Ids  Sensibility  as  the 
disfiyllable  "  waiter : "  but  the  secondary  sensations — 
the  reflex-feeUngs — were  different,  because  the  word 
"  Johnaon"  was  not  associated  in  his  mind  with  any 
definite  actions,  whereas  the  word  "waiter"  was  so 
associated  as  to  become  an  automatic  impulse.* 

Two  sisters  are  asleep  in  the  same  bed,  and  a  child 
cries  in  the  next  room.  The  sounds  of  these  cries  will 
give  a  similar  stimulus  to  the  auditory  nerve  of  each 
sister,  and  excite  a  similar  'primary  sensation  in  each. 
Nevertheless,  the  one  sister  sleeps  on  undisturbed, 
and  is  said  not  to  hear  the  cry.  The  other  springs  out 
of  bed,  and  attends  to  the  child,  because  she  being 
accustomed  to  attend  on  the  child  and  soothe  it  when 
ciying,  the  primary  sensation  has  excited  secondary 
sensations,  or  reflex-feelings,  which  lead  to  accustomed 
actions.  Could  we  look  into  the  mind  of  the  sleeping 
sister,  we  should  doubtless  find  that  the  sensation  ex- 
cited by  the  child's  cry  had  merged  itself  in  the  general 
stream  of  Consciousness,  and  perhaps  modified  her 
dreams.  Let  her  become  a  mother,  or  take  on  the  tender 
duties  of  a  mother,  and  her  vigilance  will  equal  that  of 
her  sister ;  because  the  cry  will  fft^n  excite  a  definite 
reflex-feeling,  and  a  definite  course  of  action.  But  this 
very  sister,  who  is  so  sensitive  to  the  ciy  of  a  child, 

*  Br  Carpenter  tells  a  sixnilar  story  of  Adminl  Codiington,  who, 
when  u  midshipman,  cotdd  always  be  awakened  from  the  profoondest 
slmnber  if  the  word  "signal"  were  uttered;  whereas  no  other  word 
disturbed  him. 
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will  be  undisturbed  by  a  much  louder  noise ;  a  dog 
may  bark,  or  a  heavy  waggon  thunder  along  the  street, 
without  causing  her  to  turn  in  bed.* 

Although  during  sleep  the  nervous  centres  have  by 
no  means  their  full  activity,  they  are  always  capable  of 
responding  to  a  stimulus,  and  Sensation  will  always 
be  produced.  When  the  servant  taps  at  your  bedroom 
door  in  the  morning,  you  are  said  not  to  hear  the  tap, 
if  asleep  ;  you  do  not  perceive  it ;  but  the  sound  reaches 
and  rouses  you  nevertheless,  since  when  the  second  tap 
comes,  although  no  louder,  you  distinctly  recognise  it 
In  etherised  patients,  Sensation  is  constantly  observed 
returning  before  any  consciousness  of  what  is  going  on 
retuma  **I  was  called,*'  says  Mr  Potter,  "to  give 
chloroform  to  a  lady  for  the  extraction  of  ten  teetL 
The  first  five  were  extracted  without  the  slightest  move- 
ment, but  as  the  operation  proceeded,  sensation  re- 
turned, and  I  was  obliged  to  use  considerable  force  to 
keep  her  in  the  chair  during  the  extraction  of  the  last 
tooth.  She  came  to  herself  very  shortly  after,  and  was 
delighted  to  find  she  had  got  over  all  her  troubles  with- 
out having  felt  it  the  least  in  the  world.'"  -|- 

There  is,  I  repeat,  an  unfortunate  equivoque  in  lan- 
guage which  makes  it  soTmd  absurd  to  speak  of  unper- 
ceived  sensations.  Men  have  for  so  long  confounded 
Sensation  with  Perception,  because  the  two  are  so  con- 
stantly blended,  that  it  is  startling  to  hear  of  one  oocar- 

*  Compare  an  interestlDg  personal  example  giyen  by  JouiVBOT, 
quoted  in  Sir  W.  Hamilton's  LeUuret^  I  831. 
•^Lancet,  10th  Jnlj  1858. 


OUB  GENERAL  CONSCIOUSNESSw  65 

ring  without  the  other.  But  even  the  physiologists, 
whose  views  are  here  combated,  fall  into  the  same  equi- 
voque of  language^  and  speak  of  "  Unconscious  Sensi- 
bility/' In  spite  of  all  such  verbal  difSculties,  we  must 
steadily  bear  in  mind  that  a  sensation,  being  the  active 
state  of  any  one  ganglion,  is  not  dependent  for  its  ex- 
istence on  the  activity  of  any  other  ganglia  which  it 
may,  by  reflex-movement,  excite.  Every  excitement 
of  a  nerve-centre  produces  a  sensation  ;  the  sum  total 
of  such  excitements  forms  the  general  Consciousness, 
or  sense  of  existence. 

We  do  not  see  the  stars  at  noonday,  yet  they  shina 
We  do  not  see  the  sunbeams  playing  among  the  leaves 
on  a  cloudy  day,  yet  it  is  by  these  beams  that  the  leaves 
and  all  other  objects  are  visible.  There  is  a  general 
illumination  from  the  sun  and  stars,  but  of  this  we  are 
seldom  aware,  because  our  attention  faUs  upon  the 
illumined  objects,  brighter  or  darker  than  this  general 
tona  There  is  a  sort  of  analogy  to  this  in  the  general 
Consciousness,  which  is  composed  of  the  sum  of  sensa- 
tions excited  by  the  incessant  simultaneous  action  of 
internal  and  external  stimuli.  This  forms,  as  it  were, 
the  daylight  of  our  existence.  We  do  not  habitually 
attend  to  it,  because  attention  falls  on  those  particular 
sensations  of  pleasure  or  of  pain,  of  greater  or  of  less 
intensity,  which  usurp  a  prominence  among  the  objects 
of  the  sensitive  panorama.  But  just  as  we  need  the 
daylight  to  see  the  brilliant  and  the  sombre  forms  of 
things,  we  need  this  living  Consciousness  to  feel  the 
pleasures  and  the  pains  of  life.    It  is  therefore  as  erro- 

VOL.  n.  B 
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neons  to  imagine  that  we  have  no  other  sensations  than 
those  on  which  the  attention  falls — those  which  we 
distinctly  recognise — ^as  to  imagine  that  we  see  no  other 
light  than  what  is  reflected  &om  the  shops  and  equi- 
pages, the  colours  and  splendours  which  arrest  the  eye. 

The  amount  of  light  received  from  the  stars  may  be 
small,  but  it  is  present  The  greater  glory  of  the  sun- 
light may  render  this  starlight  inappreciable,  but  it 
does  not  render  it  inoperative.  In  like  manner  the 
amount  of  sensation  received  fix)m  some  of  the  smaller 
ganglia  may  be  inappreciable  in  the  presence  of  more 
massive  influences  from  other  centres ;  but  though  in- 
appreciable it  cannot  be  inoperative — it  must  form  an 
integer  in  the  sum. 

The  reader's  daily  experience  will  assure  him  that 
over  and  above  all  the  particular  sensations  capable  of 
being  separately  recognised,  there  is  a  general  stream 
of  Sensation  which  constitutes  his  feeling  of  existence 
— the  Consciousness  of  himself  as  a  sensitive  being. 
The  ebullient  energy  which  one  day  exalts  life,  and  the 
mournful  depression  which  the  next  day  renders  life  a 
burden  almost  intolerable,  are  feelings  not  referable  to 
any  of  the  particular  sensations ;  but  arise  from  the 
massive  yet  obscure  sensibilities  of  the  viscera,  which 
form  so  important  a  part  of  the  general  stream  of  Sensa- 
tion. Some  of  these  may  emerge  into  distinct  recogni- 
tion. We  may  feel  the  heart  beat,  the  intestines  move, 
the  glands  secrete ;  anything  umisual  in  their  action 
will  force  itself  on  our  attention. 

"What  we  have  been  long  used  to,''  says  Whytt, 
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"  we  become  scarcely  sensible  of ;  while  things  which 
are  new,  though  mnch  more  trifling,  and  of  weaker 
impression,  afifect  ns  remarkably.  Thns  he  who  is  wont 
to  spend  his  time  in  the  country  is  surprisingly  affected, 
upon  first  coming  into  a  populous  city,  with  the  noise 
and  bustle  which  prevail  there :  of  this,  however,  he 
becomes  daily  less  sensible,  till  at  length  he  regards  it 
no  more  than  they  who  have  been  used  to  it  all  their 
lifetime  The  same  seems  to  be  the  case  also  with  what 
passes  within  our  bodies.  Few  persons  in  health  fed 
the  beating  of  their  heart,  though  it  strikes  against 
their  ribs  with  considerable  force  every  second ;  whereas 
the  motion  of  a  fly  upon  one's  face  or  hands  occasions 
a  very  sensible  and  uneasy  titillation.  The  pulsation 
of  the  great  aorta  itself  is  wholly  unobserved  by  us ; 
yet  the  unusual  beating  of  a  small  artery  in  any  of  the 
fingers  becomes  very  remarkable." 

A  large  amount  of  sensation  is  derived  from  the 
muscular  sense,  yet  we  are  not  aware  of  the  nice  ad- 
justments  of  the  muscles,  regulated  by  this  sensibility, 
when  we  sit  or  walk.  No  sooner  are  we  placed  in  an 
exceptional  position,  as  in  walking  on  a  narrow  ledge, 
than  we  become  distinctly  aWare  of  the  effort  required 
to  preserve  equilibrium.  It  is  not  the  novelty  of  the 
position  which  has  increased  our  sensibility  ;  that  has 
only  caused  us  to  attend  to  our  sensation&  In  like 
manner,  the  various  streams  of  sensation  which  make 
up  our  general  sense  of  existence,  separately  escape 
notice  until  one  of  them  becomes  obstructed,  or  in- 
creases in  impetuosity.    When  we  are  seated  at  a  win- 
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dow,  and  look  out  at  the  trees  and  sky,  we  are  so 
occupied  with  the  aspects  and  the  voices  of  external 
Nature,  that  no  attention  whatever  is  given  to  the 
fact  of  our  own  existence ;  yet  all  this  while  there  has 
been  a  massive  and  diffiisive  sensation  arising  from  the 
organic  processes ;  and  of  this  we  become  distinctly 
aware  if  we  close  our  eyes,  shut  off  all  sounds,  and 
abstract  the  sensations  of  touch  and  temperature — it 
is  then  perceived  as  a  vast  and  powerful  stream  of 
sensation,  belonging  to  none  of  the  special  Senses,  but 
to  the  System  as  a  whole.  It  is  on  this  general  stream 
that  depend  those  well-known  but  indescribable  states 
of  Consciousness,  named  " feeling  well"  and  "feeling 
ill" — the  bien  itre  and  malaise  of  every  day.  Of  two 
men  looking  from  the  same  window,  on  the  same  land- 
scape, one  will  be  moved  to  unutterable  sadness,  yearn- 
ing for  the  peace  of  death ;  the  other  will  feel  his  soul 
suffused  with  serenity  and  content :  the  one  has  a  gloomy 
background  of  Consciousness,  into  which  the  sensations 
excited  by  the  landscape  are  merged ;  the  other  has  a 
happy  background  of  Consciousness,  on  which  the  sensa- 
tions play  like  ripples  on  a  sunny  lake.  The  tone  of 
each  man's  feeUng  is  determined  by  the  state  of  his 
general  consciousness.  Except  in  matters  of  pure  de- 
monstration, we  are  all  determined  towards  certain 
conclusions  as  much  by  this  general  consciousness  as 
by  logic.  Our  philosophy,  when  not  borrowed,  is  little 
more  than  the  expression  of  our  personality. 

Consciousness,  in  the  general  sense,  is  the  sum  total 
of  all  our  sensibilities,  the  confluence  of  many  streams 
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of  sensation.  Consdousness,  in  the  paxticnlar  sense,  is 
only  another  term  for  Sensibility :  we  have  as  many  dif- 
ferent forms  of  Gonsdonsness  as  we  have  different  kinds 
of  sensation.  While  some  of  these  confluent  streams 
are  so  slight  that  they  are  no  more  appreciable  than 
are  the  stars  at  noonday,  others  are  so  equable  and  con- 
stant, that  they  attract  no  attention  unless  their  currents 
are  disturbed  Thus  healthy  men  are  scarcely  able  to 
distinguish  the  sensations  excited  by  the  circulation  of 
the  blood,  or  the  movement  of  the  intestines ;  yet  a 
slight  alteration  in  these  sensations  will  be  felt  at  onca 

We  may  here  conclude  the  discussion  of  this  question 
by  affirming  that  the  evidence  proves  the  inadequacy  of 
the  current  hypothesis,  which  says  that  unless  a  senssr 
tion  is  perceived  it  does  not  exist — ^it  is  a  mere  impres- 
sion. The  hypothesis  here  combated  says,  explicitly  or 
implicitly,  that  a  nerve-centre  may  receive  a  stimulus, 
but  this  stimulus  will  not  awaJken  a  sensation,  unless  it 
be  transmitted  from  that  centre  to  some  other  centra 
Though  why  one  centre  should  have  the  property  of 
Sensibility  which  another  centre,  identical  in  substance, 
has  not,  no  physiologist  has  attempted  to  explain. 

I  request  the  reitder  particularly  to  observe  that  it  is 
no  merely  verbal  difference  which  is  established,  when 
what  is  usually  caUed  an  impression  is  here  called  a 
sensation,  and  when  a  sensation  is  distinguished  from 
a  perception.  More  than  once  has  this  objection  been 
urged,  the  objector  thinking  that  my  dissent  from 
established  opinions  amounted  to  no  more  than  calling 
an  impression  by  another  name.    My  dissent  reaches 
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to  the  very  foim(laiioii&  A  verbal  difference,  carrying 
with  it  no  important  consequences,  wonld  not  be  worth 
so  much  labour  as  has  been  bestowed  on  elucidating 
this  point  Those  who  say  that  an  impression  which 
is  not  perceived  has  no  element  of  sensation  in  it,  say 
that  when  the  preoccupied  mind  does  not  hear  the  roll 
of  carriages  in  the  street,  the  effect  of  the  vibrations  of 
the  air  upon  the  auditory  centre  has  been  no  more  than 
the  effect  on  the  window-pane :  a  mere  physical  im- 
pulse has  been  given.  Whereas  I  aver  that  just  as  the 
window-pane  reacts  according  to  the  properties  of  glass^ 
so  does  the  auditory  centre  react  according  to  the  pro- 
perties of  nerve-centres — and  something  more  than  an 
impression  is  the  result :  the  impression  is  sensitive. 

It  is  surely  much  more  than  a  verbal  difference  when 
one  school  asserts  that  some  animals  have  Minds,  and 
other  animals  only  Instincts,  and  another  school  asserts 
that  all  animals  have  Minds,  but  the  minds  of  some  are 
strikingly  inferior  in  range,  complexity,  and  energy,  to 
those  of  others.  It  is  surely  more  than  a  verbal  differ- 
ence when  a  philosophic  naturalist,  detecting  the  uni- 
formities which  underlie  the  diversities  noticeable  in 
the  actions  of  animals,  declares  that  they  are  all  guided 
by  sensations,  and  these  are  all  due  to  a  nervous  system 
— in  opposition  to  those  who  call  the  actions  of  some 
animals  mental,  and  the  same  actions  in  other  animals 
mechanical.  And  such  is  the  difference  between  the 
view  I  advocate,  and  the  view  I  combat  My  view  may 
be  erroneous ;  at  any  rate  it  is  not  limited  merely  to  a 
change  of  terms.    If  it  be  said,  that  since  I  admit  a  dif- 
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f^ence  between  sensation  and  perception — ^that  is,  be- 
tween one  sensation  and  another — ^this  amounts  pretty 
mnch  to  the  ordinary  distinction  between  an*  impres- 
sion and  a  sensation ;  the  answer  is  very  simple :  a 
naturalist  admits  the  difference  between  two  animals, 
admits  that  a  monkey  is  very  unlike  an  oyster,  and  that 
the  two  should  never  be  confounded ;  but  while  they 
differ,  they  also  agree :  he  classes  them  aocordingto  their 
differences,  but  their  fundamental  agreements  make 
him  range  both  under  the  general  conception  of  an 
Animal  Various  as  animals  are,  he  knows  that  under- 
lying all  diversities  there  are  certain  uniformities ;  all 
animals  belong  to  the  grand  division  of  Animalta,  and 
obey  the  same  biological  law&  Now  it  is  precisely  this 
reform  that  I  desire  to  see  introduced  into  our  physi- 
ology of  the  Nervous  System — ^that  we  should  recog- 
nise the  uniformities  imderlying  the  diversities,  and  re- 
cognise that  all  nerve-centres,  as  such,  have  properties 
in  common,  laws  in  common.  The  sensations  derived 
through  the  organic  processes  are  very  unlike  those 
derived  through  the  five  Senses ;  and  Pain  is  unlike 
both  ;  yet  they  are  all  sensations.  Hunger  is  unlike 
Thirst ;  Thirst  is  unlike  Fatigue ;  Light  is  unlike 
Hearing.  But  these  are  all  elements  of  the  general 
Consciousness  :  all  active  states  of  nerve-centres.  In- 
stead of  admitting  this  simple  principle,  physiologists, 
implicitly  or  explicitly,  assert  that  one  nerve-centre  or 
group  of  centres  has  a  property  of  Sensibility  not  pos- 
sessed at  all  by  similar  centres.  Even  those  who  seem  to 
have  felt  some  scruple  in  denying  sensibility  to  all  the 
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centres,  have  been  forced,  by  their  adherence  to  the  notion 
of  a  sensation  being  impossible  withont  the  Brain,  to 
establish  two  distinct  classes — ^namely,  the  Consdons 
Sensibility,  and  the  Unconscious  Sensibility  ;  in  other 
terms,  Animal  Sensibility  and  Oiganic  Sensibility.  The 
latest  upholder  of  this  view  thus  expresses  himself: — 

"  All  the  secretions  take  place  under  the  influence 
of  a  reflex  action,  and  sometimes  the  sensation,  which 
is  the  point  of  departure  of  this  action,  is  a  conscious 
sensation,  at  other  times  unconscious.  Thus  the  sali- 
vary secretion,  which  takes  place  when  vinegar  is  in- 
troduced into  the  mouth,  is  a  secretion  which  succeeds 
a  conscious  sensation  {ime  sensation  avec  conscience). 
The  secretions  of  gastric  juice,  pancreatic  juice  or 
bile,  which  take  place  when  food  passes  along  the 
digestive  tube,  on  the  contrary,  succeed  to  sensations 
without  consciousness."  * 

Now,  physiologically,  the  process  in  each  of  these 
cases  is  identical :  a  stimulus  is  given  to  the  Neurility 
of  a  nerve,  which  excites  the  Sensibility  of  a  centre, 
and  that,  in  turn,  stimulating  the  Neurility  of  the 
nerve  distributed  to  the  gland,  produces  thereby  a 
Secretion.  There  is  a  difference  between  the  organ  of 
Taste,  stimulated  by  the  vinegar,  and  the  stomach  or 
liver,  stimulated  by  the  food ;  there  is  a  difference  also 
in  the  secretions  :  but  in  each  case  the  stimulus  has  first 
awakened  Sensation,  and  then  Secretion.  If  the  sensation 
of  the  one  is  to  be  called  conscious,  and  the  other  uncon- 
scious, this  use  of  language,  though  justifiable,  will  be 

*  Claude  Biebnard  :  Systime  Nerveux,  I  357. 
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excessively  inisleadiiig.  It  would  be  far  better  to  say 
that  the  sensation  produced  by  the  vinegar,  being  de- 
rived from  a  special  sense  (Taste),  could  be  distinctly 
recognised  as  special ;  whereas  the  sensations  excited 
by  the  food,  being  derived  from  no  special  sense,  but 
from  the  Systemic  Sensibility,*  must  necessarily  be 
unlike  the  taste  of  vinegar,  and  not  being  a  special 
sensation,  is  less  readily  recognisabla 

The  conclusion,  then,  which  we  have  reached  is  briefly 
this :  In  muscular  tissue  there  is  an  inherent  property 
named  ContractilLty ;  this  serves  various  functions  in 
various  musclea  All  the  movements  of  our  different 
organs  depend  on  this  property  ;  and  the  complex  me- 
chanism which  performs  the  many  movements,  say  of 
the  hand,  is  a  complex  of  simple  muscular  contractions. 
In  like  manner  ganglionic  tissue  has  an  inherent  pro- 
perty. Sensibility^  which  serves  various  functions  in  vari- 
ous organs :  however  complex  anyone  of  these  frmctions, 
we  should  find,  could  we  analyse  it,  that  it  was  a  com- 
plex of  simple  sensations.  There  is  an  incessant  action 
and  interaction  of  the  various  parts  of  the  sensitive 
mechanism :  sensations  cross  and  recross,  exciting  and 
modifying  each  other;  and  the  sum  total  is  a  feeling  of 
existence.  In  the  lower  animals,  with  a  simple  nervous 
system,  the  sensitive  phenomena  are  simple :  as  the 
organisation  increases  in  complexity,  the  sensitive  phe- 
nomena necessarily  become  more  complex ;  the  elements 
of  general  Consciousness  become  more  numerous. 

*  This  distinction  between  special  and  systemic  sensations  will  be 
elucidated  hereafter. 
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YIIL  Vabious  Fobms  of  CoNsaousNSBS. — A  basis 
has  been  laid,  in  the  foregoing  paragraphs,  for  a  tme 
zoological  classification  of  mental  phenomena.  The 
unity  of  the  nervous  system  throughout  the  Animal 
Kingdom  has  been  genially  recognised ;  but,  strangely 
enough,  the  imity  of  Consciousness  has  not  been  de- 
duced from  it.  In  ascending  the  scale  we  pass  fixnn 
animals  destitute  of  real  movements,  and  manifesting 
only  contractiona  ;  as  we  note  in  the  higher  animals 
the  ever-increasing  variety  and  complexity  of  move- 
ment, we  find  that  no  new  property  has  been  acquired ; 
but  that  the  same  primordial  tissue,  with  its  Contractil- 
ity, suffices  for  all  the  new  complex  phenomena.  Yet 
we  speak,  and  justly,  of  simple  contractions,  of  volun- 
tary and  involuntary  movements,  of  flexion  and  exten- 
sion, and  so  on.  I  think  we  should  do  the  same  with 
Sensibility,  or  Consciousness,  which  may  be  conven- 
iently grouped  under  three  heads :  1.  Systemtc-Con" 
scumsness;  2.  Sense-ConaciaiLsness ;  S,  Thaught-Can- 
sciousness,    A  few  words  will  explain  these  more  fully. 

Systemic-Consdovsnesa  includes  all  those  sensations 
which  arise  in  the  system  at  large,  chiefly  in  the 
organic  processes,  and  form  the  more  massive  and 
difiusive  elements  of  the  sense  of  existence.  This 
must  belong  to  the  simplest  animals,  unless  we  adopt 
the  hypothesis  of  Descartes,  that  all  animals  are  living 
machines,  whose  actions  are  wholly  without  conscious- 
ness. Many  who  reject  this  hypothesis  feel  great 
difficulty  in  crediting  <M  animals  with  consciousness 
or  sensation ;  because  few  writers  can  rid  themselves  of 
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the  embarrassing  equlyoqnes  of  our  oidinary  language. 
The  equivoque  here  leads  them  to  suppose  some  element 
of  Thought  is  included  in  Consciousness,  and  eyen  in 
Sensation.  But  although  every  animal  must  feel^  it 
does  not  follow  that  it  should  ^ink.  Every  animal 
must  coTi^oc^,  but  it  does  not  follow  that  it  should 
mofOt.  Thinking  results  from  a  more  complex  organ- 
isation than  is  given  to  every  animal ;  but  Conscious- 
ness is  the  attribute  of  every  animal  organism.  Simple 
as  the  forms  of  Consciousness  may  be  in  the  lower  ani- 
mals, it  must  be  nevertheless  essentially  akin  to  the 
more  complex -forms  in  the  higher  animals.  Unless 
we  admit  this,  it  will  be  impossible  to  say  where  sensa- 
tion first  begins.  If  the  Mollusc  is  without  sensation, 
the  Crustacean  is  without  it  If  the  crab  is  a  machine, 
so  is  the  bee  ;  if  the  bee,  then  the  beaver,  the  elephant, 
the  dog,  the  monkey.  It  is  true  that  when  we  pass 
firom  the  monkey  to  the  man,  a  wide  interval  is  obvi- 
ous :  the  greater  fulness  and  splendour  of  conscious  life 
which  man  possesses  above  all  other  created  beings  may 
account  for  the  disinclination  of  philosophers  to  admit 
that  animals  can  share  even  a  modest  claim  to  similar 
prerogatives.  But  the  time  for  such  exclusiveness  is 
passed :  science  has  shown  that  amid  the  infinite  varie- 
ties of  animal  life,  certain  constant  uniformities  exist ; 
and  that  in  the  magnificent  drama  of  creation,  the 
humble  scene-shifter  is  of  the  same  nature  as  the  more 
highly-endowed  tragedian,  who  plays  the  noblest  parts. 
Unless  we  are  to  throw  science  to  the  winds,  we  must 
admit  that  oZ!  animals  are  conscious  (have  sensations), 
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thongh  all  haye  not  every  fonn  of  oonsciousnesa  There 
are  those  that  have  systemic  sensations,  bat  no  senses, 
such  as  sight,  hearing,  smelL  There  are  others  that 
have  systemic  sensations,  and  sense-sensations,  but 
little  or  nothing  of  what  we  mean  by  Thought  All 
depends  on  the  complexity  of  the  organism. 

The  Sy^stemic  sensations  in  man  are  massive  in 
effect,  and  constant ;  and  because  they  are  constant 
and  familiar,  seldom  rise  into  distinct  recognition. 
This  has  led  to  their  being  denied  the  character  of 
sensationa  It  is  said,  for  example,  that  we  have  no 
sensations  in  the  alimentary  canal,  unless  pain  be  pro- 
duced there.  And  the  following  proof  is  offered :  If 
we  swallow  iced-water,  there  is  a  sensation  of  cold  ex« 
cited  in  the  mouth,  throat,  and  gullet ;  but  this  sensa- 
tion disappears  as  the  water  reaches  the  stomach :  if 
any  vestige  of  sensation  remain,  it  will  be  only  at  the 
upper  part  of  the  stomach.  This  is,  however,  no  proof 
at  alL  The  sensation  of  cold  is  a  special  sensation,  of 
which,  as  we  shall  see  hereafter,  only  certain  organs  are 
susceptible — the  same  nerve  which  is  susceptible  of  cold 
when  the  cold  substance  reaches  it  through  the  skin, 
is  not  susceptible  of  cold  when  the  trunk  of  the  nerve 
is  directly  touched  ;  and  there  is  nothing  remarkable  in 
the  stomach  not  having  this  special  form  of  sensibility. 
But  if  the  iced-water,  on  reaching  the  stomach,  ceases 
to  produce  a  sensation  of  cold,  it  does  not  cease  to 
affect  the  sensitive  nerves  ;  it  therefore  produces  some 
other  sensation— one  of  comfort  or  discomfort,  perhaps. 
We  are  assuredly  conscious  of  some  difference  in  our 
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general  feeling — a  difixLsive  sensation  radiates  from  the 
stomach.  It  may  escape  recognition,  like  a  rivulet 
mingling  with  a  river,  and  adding  to  its  general  mo- 
mentum ;  but  though  unrecognised^  it  is  not  unfelt 

If  instead  of  iced-water  we  swallow  brandy-and- 
water,  the  sensations  of  taste  excited  by  the  brandy, 
being  special  sensations,  will  cease  in  the  stomach.  In 
the  mouth,  the  brandy  and  the  water  excited  sensations 
of  taste,  and  of  cold ;  in  the  gullet,  of  cold  without 
taste ;  in  the  stomach,  of  neither  cold  nor  taste,  but 
something  else — a  difiusive  sensation  quite  familiar  to 
all  readers,  but  not  easily  to  be  described. 

Hereafter  we  shall  have  to  consider  more  in  detail  the 
various  Systemic-sensations;  enough  for  the  present 
if  we  have  indicated  the  dass.   The  second  class  forms. 

The  Sense-GonacUmsnesSy  and  includes  all  those 
sensations  which  are  derived  from  the  organs  of  the 
five  Sensea  As  a  rule,  it  is  only  these,  and  Pain, 
which  are  admitted  to  be  sensations  at  all,  by  those 
who  fail  to  perceive  the  distinction  between  Sensibility 
a^d  particular  forms  of  Sensibility. 

ThoughirConaciousness  is  the  third  and  last  class, 
and  includes  aU  those  phenomena  of  Thought  and 
Emotion  with  which  the  psychologist  concerns  him- 
self ;  all  that  the  physiologist  can  do  with  them  is  to 
indicate  the  relation  in  which  they  stand  to  the  lower 
forms  of  consciousness ;  and  the  special  organs  of  the 
nervous  system  which  serve  them.  I  have  adopted 
the  rather  clumsy  term  Thought -consciousness,  in 
order  to  mark  out  distinctly  the  fundamental  union  of 
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this  with  the  other  forms  of  Sensibility,  and  at  the 
same  time  to  mark  the  speciality  of  its  phenomena. 
What  Thought  is  we  do  not  know,  perhaps  we  never 
shall.  We  do  not  know  what  life  is.  But  Uie  realm 
of  mysteiy  may  be  reduced  to  one  of  "  orderly  mys- 
tery ; "  we  may  learn  what  are  the  laws  of  life,  and 
what  are  the  laws  of  Thought  The  first  is  the  pro- 
vince of  the  physiologist,  the  second  is  the  province  of 
the  psychologist.     Let  us  keep  to  our  ovm : 

"  Miudoians  think  oar  souls  are  harmonies  ; 
Physicians  hold  that  they  oomplexioos  be; 
Epicures  make  them  swarms  of  atomies 
Which  do  by  chance  into  our  bodies  flee. 

One  thinks  the  soul  ia  air ;  another  fire ; 
Another  blood  diffused  about  the  heart : 
Another  saith  the  elements  conspire. 
And  to  her  essence  each  doth  yield  a  part. 

Some  think  one  g:en*ral  soul  fills  erery  brain, 
As  the  bright  sun  sheds  light  in  evety  star ; 
And  others  think  the  name  of  soul  is  vain, 
And  that  we  only  well-mixed  bodies  are. 

Thus  these  great  clerks  their  little  wisdom  show. 
While  with  their  doctrines  they  at  haiard  play.*'  * 

We  will  take  the  warning.  Our  task  is  difBcult 
enough  without  extra  complications.  We  have  still  to 
point  out  what  light  Physiology  can  at  present  fur- 
nish, in  the  attempt  to  determine  the  various  organs 
for  the  various  mental  functions — ^in  other  words,  what 
is  the  relation  between  the  Mind  and  tihe  Bbain. 

*  Sir  Johv  Davies  :  On,  (ke  Immortality  of  tht  SouL 
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NOTE   TO    CHAPTER    VIII. 


The  experiments  of  Claude  Bernard  and  Eolliker 
have  proved  that  the  woorara  poison  affects  the 
mnsde-nerves^  and  leaves  the  skin-nerves  unaffected, 
paralysing  the  limbs,  but  not  destroying  sensibility. 
At  the  reading  of  my  paper  on  the  Sensory  and  Motor 
Nerves  at  the  "  British  Association/'  this  fact  was  re- 
ferred to  as  proof  that  a  distinction  existed  between 
the  properties  of  the  two  nerve&  I  had  already  satis- 
fied myself  that  such  a  conclusion  was  erroneous ;  but 
it  may  be  desirable  here  to  refute  the  conclusion  by 
one  decisive  argument.  We  are  completely  in  the  dark 
as  to  the  conditions  which  determine  the  effect  of  a 
poison  on  the  nerves ;  but  that  the  resistance  of  the 
skin-nerves  to  an  influence  to  which  the  muscle-nerves 
succumb,  is  no  proof  of  a  difference  in  the  properties 
of  the  nerves,  is  demonstrated  by  the  fact  that  only 
some  of  the  motor-nerves  are  affected  by  the  poison — 
and  of  these  nerves,  only  their  terminations  in  the 
muscles  are  affected,  not  the  fibres  of  their  trunks ; 
whereas  other  nerves  distributed  to  muscles  resist  the 
poison,  no  less  decisively  than  the  skin-nerves.  An 
animal  poisoned  by  woorara  has  its  limbs  paralysed ; 
but  its  tail  is  as  vigorous  as  ever.    The  nerves  which 
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move  the  muscles  of  the  limbs  are  not  different  in  pro- 
perties from  those  which  move  the  muscles  of  the  tail ; 
yet  the  one  class  succumbs,  the  other  resists  ;  evidently 
because  there  is  some  set  of  conditions  which  favours 
the  action  of  the  poison  in  the  one  case,  and  prevents 
it  in  the  other.  The  nerves  which  move  the  heart 
and  intestines  are  likewise  unaffected  by  the  poison. 
Moreover,  the  ta/ot  that  the  nerve-fibre  is  unaffected 
everjrwhere  except  at  its  termination,  proves  that  there 
must  be  some  other  cause  at  work  than  the  property  of 
the  nerve-fibre  itself.  A  similar  peculiarity  is  notice- 
able of  the  muscles,  there  beiog  poisons  which  destroy 
the  contractility  of  the  muscles  of  the  heart,  and  have 
no  appreciable  effect  on  the  muscles  of  the  trunk ;  yet 
no  one  ventures  to  assert  that  the  muscles  of  the  heart 
are  essentially  different  from  all  other  muscles. 


CHAPTER  IX. 

THE   HIND   AND    THE   BBAIN. 

SECTION  I.  —  THE  CEBEBBUH. 

Recapitulation — ^Ptejudioe  respecting  the  Brain  as  the  sole  oi^n  of 
the  Mind — ^Three  aouroes  of  our  knowledge :  Experiment,  Disease, 
ComparatiTe  Anatomy — Description  of  the  Brain — Eridence  of  Com- 
parative Anatomy  against  the  idea  of  the  Brain  as  the  sole  seat  of 
sensation  and  will— Nervous  systems  of  Mollusc  and  Beetle  compared 
— ^Weight  of  the  Brain— The  convolutions ;  are  they  the  seat  of 
intelligence  ? — Functions  of  the  Cerebrum — Effect  of  pressure  on 
the  Brain:  curious  case — The  researches  of  Blourens — State  of 
Animals  when  the  Cerebrum  is  removed — ^Persistence  of  sensation 
and  volition  after  removal  of  the  Cerebrum  —  Experiments  of 
Flourens,  Bouillaud,  Longet,  and  Dalton — Relation  of  the  Cerebrum 
to  the  nerves — Forms  of  Sensibility  peculiar  to  the  Cerebrum — In- 
tellect and  Emotion — ^How  can  identical  convolutions  have  different 
Amotions  ? — Phrenology — Explanation  of  the  difficulty — Relation  of 
the  Intellect  to  the  Senses,  and  of  the  Emotions  to  the  Viscera — Other 
functions  of  the  Cerebrum. 

In  the  preceding  chapter  I  have  endeavoured  to  estab- 
lish the  following  propositions,  as  the  basis  of  a  new 
doctrine  of  nervous  action : — 

I**.  All  nerves  have  one  common  property — ^Neuril- 
ity — ^by  means  of  which  they  excite  contraction  in  a 
muscle,  secretion  in  a  gland,  and  sensation  in  a  nerve- 
centra 
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2"".  The  property  of  nerves  depends  on  their  stmo- 
ture.  The  fdnctions,  or  uses,  of  nerves  are  determined 
by  their  anatomical  distribution — i,e,,  their  connection 
with  other  parts  of  the  organism. 

3**.  All  nerve-centres  have  one  common  property — 
Sensibility — ^which  is  excited  by,  and  in  turn  exdtes, 
the  Neurility  of  nerves ;  and  thus  produces  either 
reflex-movements,  or  reflex-feelings,  according  as  the 
stimulus  to  the  centre  is  reflected  on  muscles,  or  on 
other  centrea 

4°  The  property  of  nerve-centres  depends  on  their 
structure.  The  functions,  or  uses,  of  each  centre  are 
determined  by  its  anatomical  connections ;  the  optic- 
centre  being  in  connection  with  a  very  different  ap- 
paratus from  that  of  the  auditory-centre,  and  so  of 
the  rest. 

5°.  Every  stimulus  which  affects  a  centre  awakens 
its  Sensibility  ;  but  the  kind  and  degree  of  sensation 
thus  awakened  are  necessarily  determined  by  the  kind 
and  degree  of  the  exciting  cause,  and  the  structure  of 
the  organs  on  which  that  cause  first  acts :  the  sensa- 
tion of  sound  is  very  different  from  the  sensation 
of  light ;  a  visceral  sensation  is  imlike  a  muscular 
sensation ;  pressure  is  different  from  pain,  and  both 
are  different  from  the  sensation  of  temperature.* 

*  The  reader  is  requested  to  consider  what  is  said  at  page  70.  The 
word  Sensibility  includes  very  various  sensations,  as  the  word  Animal 
includes  very  various  ox^ganisms.  When  I  say  that  every  nerve-centre 
has  Sensibility,  I  no  more  mean  that  every  sensation  will  resemble  the 
sensations  of  pain,  or  of  sight,  or  of  taste,  than  that  every  animal  must 
resemble  a  fish,  a  reptile,  or  a  mammal. 
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Althongli  in  the  establishment  of  these  propositions 
I  have  attempted  something  like  a  systematisation  of 
our  knowledge  on  this  great  subject,  led  thereto  by  the 
necessity  of  clearing  the  gromid  of  certain  prejudices 
and  misconceptions,  and  by  the  desire  of  drawing  the 
student's  attention  to  problems  which  may  profitably 
employ  his  energy  ;  the  reader  will  not  expect  that  in 
the  following  pages  we  can  do  more  than  ascertain  the 
general  relations  of  the  Mind  and  the  Brain.  Before 
we  enter  on  this  interesting,  but  extremely  compli- 
cated, inquiry,  we  must  resolve,  in  a  loving,  seeking, 
earnest  spirit,  to  keep  our  minds  open  to  the  reception 
of  Fact ;  and  calmly  to  acquiesce  in  it,  when  presented, 
instead  of  opposing  it  by  preconceptions  of  our  own. 
It  is  idle  to  interrogate  Nature  in  the  spirit  so  often 
animating  the  disputes  of  men,  when  each  antagonist 
is  less  desirous  of  hearing  the  arguments  of  the  other, 
than  of  thrusting  forward  his  own.  If  we  ask  Nature 
a  question,  we  must  listen  patiently  to  her  reply; 
should  that  reply  perplex  us,  we  must  ask  again,  put- 
ting the  question  in  another  form ;  and  should  again, 
and  again,  the  same  reply  be  elicited,  we  must  accept 
it,  be  it  never  so  destructive  of  our  theories  and  anti- 
cipations. We  must  not  dictate  an  answer  to  the 
Oracle  we  consult. 

A  deeply^rooted  preconception  respecting  the  Brain 
has  for  many  years  prevented  men  from  duly  acknow- 
ledging facts  which,  otherwise,  would  have  been  dear 
enough.  Biassed  thus,  they  have  never  thought  of 
admitting  the  evidence  of  these  facts  to  be  destructive 


84  THE  MIND  AND  THE  BRAIN. 

of  their  conception  of  the  Brain ;  but  have  had  re- 
course to  various  theories,  sometimes  ingenious,  ofben 
absurd,  to  explain  how  these  facts  were  really  nai 
what  they  seemed  to  be.  The  conception  alluded  to 
is  thus  expressed  (I  take^  the  first  book  of  authority  at 
hand)  by  Todd  and  Bowman :  ''  The  brain,  or  some 
part  of  it,  is  the  sensorium  commune ;  or,  in  other 
words,  mental  nervous  actions  (acta  of  volition  and 
sensation)  ccmnot  take  pUwe  without  a  brainy* 

This  is  the  doctrine  of  the  school&  Now  it  should 
be  observed  that  all  physiologists  are  aware  of  the  fiict 
that  animals  without  a  brain  (and  animals  which  never 
had  a  brain)  manifest  some  of  the  savne  actions  which 
are  attributed  to  sensation  and  volition,  when  the 
brain  is  present;  yet  these  actions  are  said  not  to 
have  that  character  when  the  brain  is  absent,  "  because 
the  brain  is  the  exclusive  organ  of  sensation  and  voli- 
tion." I  confess  that  the  simpler  dictate  of  logic  is  to 
me  the  easier  conception ;  and  that  I  can  more  readily 
admit  the  facts  to  prove  the  brain  not  to  be  the  exclu- 
sive seat  of  sensation  and  volition,  than  admit  that 
actions,  precisely  similar,  are  in  one  case  sensitive,  in 
the  other  mechanical ;  and  this  inclination  gains 
strength,  when  close  examination  reveals  that  the 
reason  why  the  actions  of  brainless  animals  are  said  to 
be  mechanical  (reflex,  and  without  sensation),  is  solely 
because  theory  declares  the  Brain  to  be  the  only  sen- 
sorium. If  you  pinch  a  dog's  tail,  he  cries  out  His 
cry  is  supposed  to  indicate  a  sensation  of  pain.    But 

•  Todd  and  Bowman  :  Phynol.  Anat.,  I  322. 
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the  physiologist  who  would  reprove  you  for  having  hurt 
his  yelping  puppy,  would  quietly  assure  you  that  this 
puppy's  cries  were  no  evidence  of  pain  or  sensation 
after  its  brain  had  been  removed :  '*  Merely  reflex,  my 
dear  sir !"  and  he  would  smile  at  your  supposition  that 
an  animal  without  a  brain  could  feel  any  sensation.* 
Nay,  even  when  the  brainless  animal  performs  com- 
plicated actions  to  rid  itself  of  some  irritating  object, 
and  exhibits  a  choice  of  means  for  this  purpose,  men 
find  it  easier  to  consider  these  as  "  instinctive '' 
(whatever  that  may  be),  "  reflex,*  or  the  "  effect  of 
habit,''  than  simply  to  acknowledge  that  the  Brain  is 
not  the  sole  sensorium. 

Science  is  the  endeavour  to  make  the  order  of  our 
ideas  correspond  with  the  order  of  phenomena — to 
make  our  conceptions  of  things  accord  with  the  order 
of  the  things  themselves ;  not  to  make  out  a  scheme 
for  Nature,  which  shall  correspond  with  our  ideaa 
Let  us  tiy,  therefore,  to  ascertain  what  is  the  order  of 
nervous  phenomena 

There  are  three  great  sources  of  knowledge  on  this 

*  Indeed,  some  physiologists  ha^e  inourred  ridicule  for  having  been 
misled  by  the  cries  and  struggles  of  a  brainless  ajoimal  into  the  belief 
that  the  animal  manifested  sensibility.  See,  for  example,  Sohb(EDEB 
TAN  DEB  Kolk:  Bau  und  FuncHonen  der  Medulla  Spinalu,  p.  26, 
on  the  "  Error  shared  by  so  many  that  the  cries  of  an  animal  are  a 
proof  of  Sensibility."  The  argument  relied  on  by  writers  who  attri- 
bute snch  manifestations  to  reflex-action,  unaccompanied  by  sensation, 
rests  on  the  fact  that  patients  with  spinal  disease  are  often  unconscious 
of  the  movements  in  their  limbs  produced  by  external  stimulus ;  we 
■bA.n  hereafter  see  that  this  fact  in  no  way  contradicts  our  views,  in 
no  way  warrants  the  reflex  theory. 


86         THE  HIKD  AND  THE  BBAIN. 

subject,  all  of  which,  however,  are  very  imperfect: 
these  are  Experiment,  Pathology,  and  Anatomy,  espe- 
cially Comparatiye  Anatomy.  It  has  been  a  fertile 
theme  for  declaimers,  who  knew  nothing  of  the  subject 
they  were  declaiimiig  on.  to  brand  with  odium  or  ridi- 
cule  the  attempt  of  anatomists  to  discoyer  anything 
respecting  mental  actiona  '^  What !  with  your  scalpel, 
fit  only  to  deal  with  Death,  do  you  hope  to  penetrate 
the  mysteries  of  Thought?  When  you  have  taken 
the  mechanism  to  pieces,  do  you  expect  the  watch  to 
reveal  its  action ;  or  do  you  fancy  the  Soul  is  less 
mysterious  than  a  watch  ? "  Feeble  nonsense  of  this 
kind  has  imposed  on  men,  because  they  have  been 
unacquainted  with  the  real  methods  of  science.  That 
we  shall  ever  penetrate  the  mystery  of  the  Soul,  is 
improbable ;  equally  improbable  that  we  shall  ever 
penetrate  the  mystery  of  Life  ;  yet  it  is  certain  that 
the  methods  of  science  have  enabled  us  to  discover 
some  of  the  laws  of  life,  and  to  assign  to  the  various 
organs  the  part  each  plays ;  and  this  in  spite  of  the 
fjAct  that  ''  the  scalpel  is  fit  only  to  deal  with  death." 
I  would  ask  these  declaimers  whether  they  think  that 
the  action  of  the  watch  will  be  better  understood  by 
taking  the  mechanism  to  pieces,  and  studying  each 
part,  and  its  relations  to  the  rest;  or  by  assuming 
certain  speculative  postulates  respecting  it,  and  making 
a  system  out  of  deductions  from  those  postulates? 
The  Anatomist  attempts  to  discover  the  mechanism ; 
the  physiologist  attempts  to  detect  the  influence  which 
each  part  exercises.     Were  our  knowledge  of  the 
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strncture  and  properties  complete,  we  should  soon 
know  all  that  could  be  known  respeotmg  the  vital 
mechanism. 

Unhappily  our  knowledge  is  veiy  far  from  complete ; 
and  hence  it  is  that  Experiment,  though  valuable,  nay, 
indispensable,  is  often  very  misleading.  We  shall  see 
evidence  of  this  in  the  course  of  our  inquiry.  But 
there  is  one  direction  ^i  which  Experiment  may  always 
be  relied  on — ^the  direction  of  ewclusion.  An  experiment 
may  fail  to  tell  us  which  is  the  organ  of  a  particular 
function  ;  but  it  wUl  never  fail  to  tell  us  which  is  not 
the  organ  of  the  particular  function,  if  we  see  the  func- 
tion persisting  after  the  organ  has  been  removed  ;  and 
to  know  what  parts  are  not  necessary,  is  to  arrive,  by 
exclusion,  at  those  which  are. 

Observation  of  the  effects  of  disease,  accident,  or  de- 
formity has  a  similar  value  to  that  of  Experiment ;  but 
extreme  caution  is  necessary  in  interpreting  these  cases. 
Anatomy  is,  of  course,  indispensable ;  and  comparative 
anatomy  becomes  a  sort  of  final  standard,  because  it 
displays  the  nervous  mechanism  in  all  degrees  of  com- 
plexity, &om  the  simplest  to  the  highest,  and  thus 
reveals  what  parts  are  essential  Here  also  great 
caution  is  requisite,  since  we  ne^er  can  be  quite  cer- 
tain in  our  interpretation  of  the  actions  of  animal& 

The  Bbain,  or  Encephalon,  includes  several  masses 
of  grey  and  white  matter.  Anatomists  are  not  agreed 
as  to  the  exact  limits  of  the  brain,  some  including 
portions  which  others  exclude ;  but  all  limitations  are 
arbitrary,  since  the  cerebro-spinal  axis  is  really,  a  con-* 
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linnoas  wbole — a  series  of  ganglia  coBoected  bother 
by  nerve-fibres.  The  easiest  way  of  arriring  at  an 
intelligible  conception  of  this  whole,  is  to  Ix^n  by 
considering  the  somewhat  similar  axis  in  the  insect. 
Fig.  45. 

These  nnmeroos  ganglia  are  separate ;  imagine  tbem 
dosely  iiised  together,  and  enclosed  by  columns  of 
fibres,  and  you  have  the  Spinal  Chord  and  Mednlla 
Fig.  45.  Oblongata ;  then  imagine  other  ganglia, 

and,  superposed  on  these,  the  lai^ 
ganglionic  masses  of  Cerebellnm  and 
Cerebrum.  The  two  latter  are  repre- 
sented in  Pig.  46.  This  is  their  ex- 
ternal appearance,  in  profile  The  con- 
volutions of  grey  vesicular  matter  are 
Tie.  48. 


(.\lltr  IMton.)  OUongiU 

outside  the  white    fibrous  matter,  instead  of   inside, 
as  in  the  Medulla  Oblongata  and  Spinal  Chord.    Fig. 
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47  gives  the  aspect  of  the  brain  when  divided  longi- 
tudinally. 


Id  the  diagram  on  the  following  page  we  find  the 
gener^  arrangement  and  connection  of  the  parts  lu- 
cidly presented,  the  black  masses  representing  the 
grey  vesicular  matter,  and  the  white  representing  the 
white  fibrous  matter. 

The  Cerebrum,  with  which  we  must  first  occupy 
ourselves,  is  composed  of  two  halves,  called  cerebral 
hemispheres,  united  at  their  base  by  the  corjnis 
caUostim  (Fig.  47,  2).  It  is  in  these  hemispheres, 
or,  more  strictly  speaking,  in  the  grey  matter  of 
the  convolutions,  that  most  physiologists  have  agreed 
to  place  the  seat  of  Thought,  Emotion,  Volition, 
Sensation — in  one  word.  Consciousness — to  the  exclu- 
sion of  every  other  ganglionic  mass.    Here,  and  no- 
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wbere  else,  they  aver,  impressions  become  sensadons. 
Some  physiologists,  indeed,  are  less  ezclusiTe,  and  ex- 
tend to  the  ganglia  at  the  base  of  the  Cerebmm — i  e., 
to  the  corpora  striata,  optic  thalami,  and  corpom 
quadrigemina  (Fig.  48  —  B,  i,  and  6),  and  to  the 
Medulla  Oblongata  the  privilege  of  sensation.  The 
Tig.  48.  reader   knows  that 

neitheroftheseopin- 
ions  can  be  adopted 
is  our  pages  :  we 
hold  that  if  the  Ce- 
,  rebrum  is  the  oi^|;ao 
of  what  is  nsually 
named  Thought,  it 
is  not  the  sole  seat 
of  Sensation,  or  Vo- 
lition. 

DUOBAH  or  VlKTlCU.  BtCTIOHOrTIIE  Bk*ik.  ~  ^  . 

1.  oiiMw  om.» :  %  .h.  o™.»,  B-.  Oomparanve  Ai- 
S,Ti  T.SK',S;Sii?rc5S:  atomy  i.  freely  ia- 

liini;  7.0ADglLoaofth«Poiii VEtrolb;  8.01ivu7         i      i        i_         ■< 
body,  or  Osiiglloii  lo  the  ModoJU  OblongiW.    TOKCd    WHeQ    It    CaU 
Tbs  UUM  ahDur  tho  directioD  ot  the  flbru.  ,  , 

(Aitor  Dtiton.}  sustaui    the    argu- 

ment in  &Toar  of  the  Brain,  or  the  Cerebrum,  being  the 
sole  seat  of  Intelligence  ;  but  it  is  quietly  disregarded 
when  it  flatly  contradicts  the  idea  of  the  Bnin  being 
the  ezclusiTe  seat  of  Consciousness,  or  Sensation.  We 
cannot  allow  two  weights  and  two  measures.  If  the 
evidence  furnished  by  animals  is  good  in  one  case,  it 
is  good  in  another.    Now,  what  says  evidence  ? 

A  Burvey   of  the  vertebrate  classes  discloses  a  re- 
markable correspondence  between  the  size  and  develop- 
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ment  of  the  Gerebmm,  and  the  energy  and  variety  of 
mental  manifestations.  As  we  pass  from  fishes  and 
reptiles  to  birds,  and  from  birds  to  mammals,  and  in 
mammals  from  the  less  intelligent  to  the  Tf^are  intelli- 
gent, we  notice  a  decided  increase  in  cerebral  develop- 
ment. It  is  a  legitimate  inference  that  the  one  is  in 
some  correspondence  with  the  other,  and  that  Intelli- 
gence is  one  of  the  functions  of  the  Cerebrma 

Let  this  be  admitted  without  reservation,  althoogh 
the  well-informed  anatomist  may  have  many  difficul- 
ties to  propound.  I  now  ask,  what  we  are  to  make 
of  the  fact,  that  multitudes  of  auimals  have  no  cere- 
brum at  all;  and  that  even  among  fishes  there  is 
at  least  one  known  to  be  without  a  vestige  of  it  (and 
zoologists  may  yet  discover  many  more) ;  so  that,  un- 
less we  pronounce  the  Amphiozus,  and  all  the  inver- 
tebrata,  to  be  mere  machines,  without  sensation,  or 
consciousness,  of  any  kind,  we  are  forced  to  admit 
consciousness  in  the  absence  of  the  very  organ  which 
is  said  to  be  its  exclusive  seat  There  are  two  answers 
open.  First,  it  may  be  said,  as  it  commonly  is,  that 
these  ATiinriAlfl  have  no  Intelligence,  only  Instinct  This 
may  be  true ;  but  to  make  it  of  the  slightest  use,  we 
must  be  taught  what  Instinct  is ;  and  that  teaching  is 
yet  to  seek.  Instinct,  like  Chance,  is  one  of  the  words 
tmder  which  men  conceal  their  ignorance  from  them- 
selves. That  the  actions  of  a  Bee,  or  a  Crab,  which 
manifest  sensation,  memory,  invention  of  new  methods 
under  new  circumstances,  not  to  mention  anger,  desire, 
and  some  imexplained  mode  of  communicating  with 
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each  other — that  these  are  the  actioiis  of  *'  blind  in- 
stinct/' might  not  be  inconceiyable,  if  we  knew  what 
instinct  really  was ;  but  we  shall  find  it  difficult  to 
conceive  how  precisely  similar  phenomena  are  attri- 
buted to  intelligence,  when  displayed  by  the  Dog  or 
the  Monkey.  It  is  probable  that  the  Bee  and  Crab 
have  no  power  of  forming  abstract  propositions.  It 
is  probable  that  they  are  unable  to  cany  on  trains  of 
thought f  remote  from  the  sensations  which  are  imme- 
diately affecting  tiiem.  And  if  we  limit  the  term  in- 
telligence to  those  processes  by  which  one  idea  calls 
up  another,  without  the  intervention  of  an  external 
stimulus — to  trains  of  ideas,  in  lieu  of  single  ideas 
excited  by  Beflex-Feeling — ^there  may  be  little  objection 
to  saying  that  Bees  have  not  intelligence. 

As  our  desire  must  be  to  come  to  a  distinct  under- 
standing on  this  important  point,  and  not  to  quarrel 
over  phrases,  let  us,  for  a  moment,  grant  that  no  iu- 
vertebrate  animal  has  intelligence,  in  any  sense  in 
which  it  may  have  pleased  men  to  employ  the  term. 
Let  Instinct  explain  everything,  without  itself  needing 
explanation.  It  will  not  remove  an  iota  of  the  objec- 
tion against  the  assumption  that  the  Cerebrum  is  the 
exclusive  seat  of  sensation  and  volition.  The  Bee  may 
have  no  vestige  of  intelligence,  but  you  cannot  deny 
that  it  has  sensibility  and  volition.  The  brainless 
Amphioxus  may  be  a  very  stupid  fish,  indeed;  but  you 
will  hardly  assert  that  he  wants  the  consciousness,  the 
sensibility,  of  other  fishes.  If  you  grant  me  this,  dis- 
pute is  at  an  end.    You  merely  say  that  the  Cerebrum 
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has  certain  special  functions,  among  which  Intelli- 
gence is  one ;  you  do  not  thereby  exclude  &om  other 
ganglia  other  forms  of  Sensibility. 

So  much  for  the  first  of  the  two  answers  which 
might  be  made  to  our  original  difficulty.  The  second 
answer  will  run  thus :  "  It  is  true  that  the  Bee  mani- 
fests a  certain  degree  of  consciousness,  perhaps  even  of 
intelligence ;  but  it  does  so  because  the  ganglia  en- 
circling the  oesophagus,  although  not  the  same  as  the 
brain,  represent  the  brain  in  the  insect  The  two 
organs  are  analogous,  not  homologous;  just  as  the 
wings  of  the  bee  are  analogous  to  the  wings  of  the 
bird,  but  are  not  the  same  organs." 

It  will  scarcely  be  denied  that  I  have  placed  the 
strongest  argument  which  the  case  admits  into  the 
mouth  of  my  antagonist  To  answer  it  we  have  only 
to  consider  steadily  the  relation  which  function  bears 
to  property  and  structura  JPunction,  as  we  formerly 
saw  (yoL  ii.  p.  21),  is  the  use  to  which  certain  organs 
are  applied,  in  virtue  of  the  properties  inherent  in  the 
structure  of  those  organ&  The  wings  of  the  bee  and 
the  bird  are  organs  moved  by  muscles,  under  the  sti- 
mulus of  nerves,  so  as  to  beat  with  a  light,  expanded 
surface  on  the  air,  and  thus  make  a  lever  to  raise  and 
sustain  the  body.  There  are  several  fundamental  re- 
semblances in  the  two  wings ;  and  as  these  imply 
similarity  in  properties,  there  need  only  be  similarity 
in  the  anatomical  distribution,  to  produce  a  similarity 
in  the  uses  of  the  wings.  The  point  to  which  I  wish 
attention  directed  is  that  analogy  of  structure  and 
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conneotion  which  detenniaes  the  analogy  of  fanction. 
Without  the  moviiig  moscles,  the  wing  would  be  no 
organ  of  flight ;  without  the  Contractility  of  the 
muscle-fibre,  the  muscles  could  not  move;  without 
the  stimulus  and  co-ordination  of  the  nervous  system, 
the  muscle-fibres  could  not  contract  harmoniously,  so 
as  to  produce  this  flying  movement  It  is  because  the 
two  wings  resemble  each  other  in  such  particukts, 
that,  in  spite  of  their  many  difierences,  the  wing  of  the 
bee  and  the  wing  of  the  bird  are  both  organs  of  fli^t 

In  the  same  way  the  brain  of  a  bee  is  analogous  to 
the  brain  of  a  bird ;  there  are  miany  and  important 
difierences,  but  there  are  fmidamental  resemblances  of 
structure  and  connection,  of  property  and  fanctioa 
It  is  because  they  are  both  formed  of  ganglionic  sub- 
stance that  they  have  both  the  property  of  Sensibility. 
It  is  because  they  are  both  connected  with  the  organs 
of  special  Sense,  and  are  the  chief  centres  with  which 
directly,  or  indirectly,  all  the  nerves  are  connected, 
that  they  both  have  the  supreme  function  of  what 
has  been  aptly  termed  Cerebratwn. 

This  is  the  teaching  of  C!omparative  Anatomy,  and 
its  lesson  is  valuable.  If  it  shows  us  how  the  cephalic 
ganglia  of  an  insect  may  represent  the  Brain  of  a  ver- 
tebrate animal,  and  thus  seem  to  justify  the  doctrine 
of  the  brain  being  the  exclusive  seat  of  consciousness ; 
it  also,  and  by  the  same  evidence,  shows  that  Sensi- 
biUty  mnat  belong  to  a«  ganglia,  as  ganglia,  and  not  to 
any  special  group.  It  shows  that  the  Brain  of  a  verte- 
brate animal  does  not  derive  its  functions  firom  any 


COHPASIBON  OF  UOLLUSO  WITH  INSECT.  95 

arrangement  of  its  tissaes,  nor  from  the  powessioa  of 
cerebral  beiiusplieres,  nor  from  any  otter  morpbolt^ical 
character :  elnce  these  fnnctions  are  performed  (the  chief 
of  them  at  least)  by  ganglia  having  no  other  resemblance 
to  the  Brain  than  fundamental  similarity  of  tiasne,  and 
similarity  of  organic  connection.  The  Brain  derives  its 
SensibiUty  from  its  ganglionic  structure,  in  which  it 
resembles  all  other  ganglia.  It  derives  its  functions 
from  the  various  organs  to  which  this  Sensibility  is 
made  sabserrient  by  anatomical  connection. 

This  point  may  be  illustrated  in  a  comparison  of 
the  organisation  of  a  mollusc  and  an  inseei  Fig.  49 
shows  the  nervous  system  of  a  Sea-Hare  (Aplasia)  in 
its  organic  relations.    The  gan-  Fig.  is. 

glia   of  this  mollusc  are  hirge 
enough  to  serve  many  functions, 
if  they  were  connected  with  vari- 
ous organs.    But  the  body  of 
the  Sea^Hare  is  not  divided  into 
sf^ments,  each  segment  baviug 
different  organs :  it  is  one  lai^e 
contractile  mass,  having  no  legs  I 
to  walk  with,  no  wings  to  fly  I 
with,  no  claws  to  grasp  vith ;  ' 
it  crawls  slowly  along  by  means 
of  its  large  fleshy  under-aarface,  sehto™  swim  of  aplvbia 
called  "  the  foot"    Having  so  <*^*"  d^i™; 

few  means  of  acting  on  the  external  worid,  there  can 
be  little  combination  of  actions,  little  of  the  multifari- 
oua  instinct  shown  by  the  garden-beetle,  {Fig.  50.J 
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Here  we  see  an  orgasism  made  np  of  a  number  of 
differeni  organs,  each  organ  having  different  uses ;  oon- 
Hg.  so.  sequently  its  nervous  system  has 

more  varions  functions.  Could  we 
measure    the   nerve-force  devd- 
oped  by  the  shapeless  Sea-Hare, 
and  the  tiny  but  complex  Beetle 
we  should  doubtless  find  that  in 
amount  the  superiority  of  the  for- 
mer was  manifest,  idthouj^  its 
functional  character  was  lower. 
I  conceive,  therefore,  that  Com- 
kehyodb  ^^^^^'  Gakdih  parative  Anatomy  irresistibly  dis- 
(Afitp  Mone-Edwudt)      proves  the  notion  of  the  Brain, 
or  any  other  ganglionic  mass,  being  the  sole  and  exclu- 
sive seat  of  Sensibility  or  ConsciousneBS  ;  and  we  shall 
hereafter  see  still  stronger  evidence  in  the  observations 
of  experimentalists  and  pathol<^st&    No  one  will  mis- 
understand these  remarks,  to  mean  that  the  Brain  is 
not  one  great  centre  of  Sensation  and  Volition — the 
chief  and  dominant  organ  of  the  whole  psychical  me- 
chanism.    I  have  said  before  that  it  has  the  noblest 
functions ;  but  it  does  not  exclude  the  other  ganglia 
fixim  their  share  in  the  general  Consciousness.     In 
it  all  the  sensations  derived  through  the  Senses  and 
Viscera  are  summed  up,  combined,  modified,  and  in 
some  profoundly  mysterious  manner  elaborated  into 
ideas.     It  is  generalissimo  of  the  whole  army,  con- 
trolling, directing,  and  inspiring  the  actions  of  all 
subordinate  officers.    But  to  suppose  that  these  sub- 
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ordiiuttes  have  not  also  their  independent  functions, 
is  a  mistake.  The  generals,  colonels,  captains,  ser^ 
geants,  corporals,  and  common  soldiers,  are  individual 
men,  like  their  commander-in-chief,  with  inferior 
power,  and  with  different  functions,  according  to  their 
respective  positions.  But  if  the  commander-in-chief 
be  killed,  the  army  has  still  its  generals.  If  the  gen- 
erals be  killed,  the  regiments  have  still  their  oolonela 
Nay,  even  a  corporal^s  company  may  be  kept  together 
by  an  energetic  corporal.  And  this  we  shall  see  to  be 
the  case  with  animals  when  their  brain  has  been  re- 
moved ;  each  separate  part  of  the  organism  has  its 
general,  colonel,  or  corporal 

The  Brain,  as  generalissimo,  needs  an  enormous 
supply  of  blood.  HaUer  estimates  the  quantity  at  one- 
fifth  of  the  amount  sent  to  the  whole  body.  In  mere 
mass,  also,  the  brain  predominates ;  but  this  is  only 
true  in  the  higher  animals  :  tn  frogs,  reptiles,  and  fish, 
it  is  less  than  the  Spinal  Chord. 

In  man  the  average  weight  of  the  whole  brain  is 
fifty  ounces.  In  woman  the  average  is  five  ounces 
less.  Taking  50  oz.  3^  drachms  as  the  weight  of  the 
whole  encephalon,  the  following  are  the  respective 
weights  of  the  three  principal  masses : — 

oz.        dn. 

Cerebrum,         ...         43     15J 
Cerebellum,      ...  54 

Pons,  and  Med.  Oblong.,   .  0     15f 


50       3J» 

*  Qu air's  ATMiomy.    By  Shabpit  and  Elub,  0th  edit,  U.  434. 
yOL.IL  0 
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In  the  Cerebrum  and  Cerebellum,  or  big  and  liide 
brain  (Fig.  46 — i,  2),  the  grey  cellular  matter  is  out- 
side, and  the  white  fibrous  matter  is  inside.  The  out- 
side presents  a  series  of  irregular  folds  or  conf;oIii- 
tions;  and  it  is  in  the  conyolutions  of  the  Cerebrum 
that  physiologists  have  imagined  all  Sensibility  and 
Thought  exclusively  reside.  The  degree  of  intelligence 
possessed  by  a  man,  or  animal,  has  been  confidently 
attributed  to  the  number  and  depth  of  these  con- 
volutions— i.e.  to  the  amoimt  of  grey  matter.  This 
idea  has  become  so  popular  that  I  shall  probably 
excite  surprise  when  I  suggest  that  it  is  altogether 
without  a  scientific  basis.  In  the  first  place,  intel- 
lectual action,  which  is  surely  a  function,  is  made  on 
this  hypothesis  a  property  of  the  grey  matter,  irre- 
spective of  any  anatomical  connection ;  and  this  is  very 
unscientific.  In  the  second  place,  although  the  amount 
of  grey  matter  may,  other  things  being  equal,  deter- 
mine the  amount  of  force  developed,  yet,  as  we  saw  in 
the  comparison  of  the  Sea-Hare  with  the  Beetle,  it  will 
not  determine  functional  superiority.  In  the  third 
place,  accurate  measurements  show  that  there  is  no 
solid  ground  for  the  opinion  to  rest  on.  M.  Baillarger 
instituted  an  elaborate  series  of  measurements,  from 
which  it  appeared  that  the  increase  of  the  grey  matter 
was  not  accompanied  by  an  increase  of  intelligence  ; 
whereas  increase  of  the  white  matter  was  accompanied 
by  increase  of  intelligence.*  Further,  M.  Camille 
Dareste  has  shown  that  the  number  and  depth  of  the 

•  Baillaboxb  :  OatetU  MtdieaU^  19th  April  1845 
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convolations  bear  tio  constant  relation  to  the  amount 
of  intelligence  in  animals.*  Once  imagine  that  intelli- 
gence has  its  seat  in  the  grey  matter  of  the  convolu- 
tions, and  these  facts  become  inexplicable.  But  con- 
ceive intellectual  action  as  fumctional,  and  the  diffi- 
culty vanishes.  No  development  of  the  pectoral 
musdes  will  enable  an  ostrich  to  fly,  because  the 
ostrich  has  not  wings  adapted  for  flight  In  like 
manner  no  development  of  the  grey  convolutions  will 
enable  an  animal  to  manifest  intellectual  actions^  un- 
less these  convolutions  are  in  direct  connection  with 
the  other  necessary  parts  of  the  mechanism.  We  can 
understand  how  particular  aptitudes — say  for  drawing 
or  music — ^may  exist  in  men  of  small  brains  ;  or  be 
entirely  deficient  in  men  of  large  brains.  The  requisite 
adjustment  of  the  nervous  mechanism  is  present  in  the 
one  case,  and  absent  in  the  other.  Now  what  is  true 
of  particular  forms  of  intellectual  action,  must  be  true 
of  alL  I  conclude,  therefore,  that  a  larger  amount  of 
grey  matter  will  produce  a  larger  amount  of  Sensibility ; 
but  the  uses  which  this  Sensibility  will  subserve  in  the 
animal  economy,  will  depend  on  the  anatomical  connec- 
tions— on  the  complexity  of  the  nervous  mechanism. 

IL  Functions  of  the  Ceeebbum. — ^These  prelimi- 
naries may  help  us  to  some  understanding  of  the  cere- 
bral functions,  by  directing  attention  to  its  orgam'c 
connections,  native  or  acquired    Unhappily,  as  every 

*  Dabxstb  :  AnnaUt  det  Seieneei,  3*  aSrU,  xviL  30,  and  4"^  tirie, 
i  73.    Compare  also  Leuket,  i  577  d  teq. 
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one  knows,  Anatomy  will  not  of  itself  disclose  fdne^ 
tion  ;  but  it  will  help  us  to  explain  function,  when 
discovered.  The  mere  inspection  of  a  knife  would 
never  disclose  to  a  child  the  various  uses  of  the  knife  ; 
but  having  seen  the  knife  in  use,  he  would  learn  that 
it  was  the  blade,  and  not  the  handle,  which  had  the 
property  of  cutting;  and  after  a  little  experience,  he 
would  ascertain  that  this  property  of  cutting  depended 
on  the  fineness  of  the  edga  From  this  he  would 
rapidly  generalise,  and  conclude  that  all  hard  sub- 
stances having  a  fine  edge  might  be  employed  to  cut 
with ;  and  that  steel,  by  reason  of  its  hardness,*  was 
pre-eminently  suited  to  -that  purpose.  It  is  the  same 
with  anatomy.  When  observation  has  shown  us  the 
use  of  an  organ,  we  can  explain  the  action  of  its  sepa- 
rate parts. 

Observation  has,  in  various  ways,  remarked^  that  the 
cerebral  hemispheres  are  pre-eminently,  if  not  exclu- 
sively, devoted  to  the  intellectual  actions.  Whenever 
we  hear  of  an  idiot,  we  conclude  that  his  cerebrum  is 
very  small,  or  malformed;  whenever  we  see  a  man 
with  an  unusually  small  cerebrum,  we  conclude  him  to 
be  an  idiot. 

There  can  be  no  doubt  of  the  all-important  partici- 
pation of  the  Cerebrum  in  mental  manifestation,  when 
we  learn  that,  if  accident  have  produced  a  hole  in  the 
skull,  we  can,  by  a  slight  pressure  on  the  Cerebrum, 
throw  the  patient  into  a  state  of  stupor,  seeing  nothing, 
hearing  nothing,  thinking  nothing.  Pressure  on  the 
Cerebellum  produces  no  such  results. 
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Sir  Astley  Cooper  relates  in  his  Lectures  on  Surgery 
the  following  remarkable  case :  A  sailor  fell  from  the 
yardarm  on  the  deck,  and  was  taken  up  insensible. 
For  some  months  he  remained  in  the  hospital  at  Gib- 
raltar perfectly  insensible,  yet  otherwise  healthy.  He 
was  then  conveyed  to  Deptford,  where  Mr  Davy  visited 
him,  haying  been  informed  by  the  snrgeon  of  the  cori- 
ons  case.  "  It  is  a  man  who  has  been  insensible  for 
many  months :  he  lies  on  his  back  with  very  few  signs 
of  life ;  he  breathes  indeed,  has  a  pulse,  and  some 
motion  in  his  fingers ;  but  in  all  other  respects  he  is 
deprived  of  all  powers  of  mind,  volition,  or  sensation.'* 
Mr  Davy,  on  examining  the  patient,  found  a  slight 
depression  on  one  part  of  the  head  Being  informed 
of  the  accident  which  had  occasioned  it,  he  had 
the  man  removed  to  St  Thomas's  Hospital  under  the 
care  of  Mr  Qina  It  was  here  Sir  Astley  Cooper  saw 
him  "  lying  on  his  back,  breathing  without  any  great 
difficulty,  his  pulse  regular,  his  arms  extended,  and  his 
fingers  moving  to  and  fro  to  the  motion  of  his  heart, 
so  that  you  could  count  his  pulse  by  the  motion  of  his 
fingers.  If  he  wanted  food^  he  had  the  power  of 
moving  his  lips  and  tongue;  and  this  action  of  his 
mouth  was  the  signal  to  his  attendarits  for  supplying 
this  want'* 

I  interrupt  the  narrative  at  this  point  to  request 
the  reader's  attention  to  the  passage  in  italics,  which 
has  apparently  escaped  the  notice  of  the  numerous 
writers  who  have  referred  to  this  case.  The  man*s 
**  consciousness"  is  said  to  have  been  obliterated ;  he 
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had,  we  are  told,  lost  sU  sensation  and  all  volition;  yet 
we  see  that  the  sensation  of  Hnnger  was  not  gone, 
noF  the  volition  which  indicated  by  signs  that  food  was 
wanted.  The  cmrent  doctrine  is  incompetent  to  ex- 
plain sach  facts ;  but  according  to  the  doctrine  pro- 
ponnded  in  these  pages,  the  &cts  aie  sach  as  a  priori 
might  have  been  a&nonnced. 

"  Mr  Cline,"  continues  Sir  Ast\ey,  "  on  examining 

bis  head,  found  an  obvious  depression  ;  and  thirteen 

months  and  a  few  days  after  the  accident,  he  was 

carried  into  the  operating  theatre  and  there  trephined. 

The  depressed  portion  of  the  bone  was  elevated  from 

the  skull.      While   he  was  lying  on  the  table  the 

motion  of  his  fingers  went  on  during  the  operation,  but 

no  sooner  was  the  portion  of  bone  rused  than  it 

ceased.   The  operation  was  performed  at  one  o'clock  in 

the  afternoon  ;  and  at  four  o'clock,  as  I  was  walking 

through  the  wards,  I  went  up  to  the  man's  beddde, 

and  was  surprised  to  see  him  sitting  up  in  bed.     He 

had  raised  himself  on  his  pillow.    I  asked  him  if  he 

felt  any  pain,  and  he  immediately  put  his  hand  to  his 

head.     This  showed  that  volition  and  sensation  were 

tetnming.    In  four  days  from  that  time  the  man  was 

able  to  get  out  of  bed,  and  began  to  converse ;  and  is 

ays  more  be  was  able  to  tell  us  where  he  came 

He  recolleoted  the  circumstance  of  his  having 

ressed  and  carried  down  to  Plymouth  or  Fal- 

;  but  from  that  moment  up  to  the  time  tiie 

on  was  performed,  his  mind  had  remained  in  a 

state  of  oblivion.    He  had  drunk,  as  it  were,  of 
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the  cup  of  Lethe ;  he  had  snffered  a  complete  death  as 
far  as  regarded  his  bodily  and  mental  powers ;  but  by 
removing  a  small  portion  of  bone  with  the  saw,  he  was 
at  once  restored  to  all  the  functions  of  his  mind,  and 
almost  all  the  powers  of  his  body/' 

This  is  in  many  respects  an  interesting  casa  The 
psychologist  should  note  that  the  man's  memory  was 
incompetent  to  recall  not  only  everything  that  had 
passed  from  the  moment  of  the  accident,  but  also  the 
whole  series  of  events  and  sensations  which  occurred 
from  the  time  of  his  impressment  till  that  of  |;iis  acci- 
dent, which  occurred  in  the  Mediterranean. 

It  would  be  easy  to  multiply  cases  which  point  in 
this  direction,  and  warrant  the  suspicion  that  the 
Cerebrum  is  the  seat  of  intellectual  action.  But  they 
only  warrant  a  suspicion,  they  do  not  establish  a  cer- 
titude. Other  evidence  is  needed.  It  might  be  asked 
whether  other  parts  of  the  encephalon  may  not  have 
been  implicated — whether,  when  the  Cerebrum  is 
pressed  upon,  some  interference  with  the  masses 
underneath  has  not  been  induced — and  whether  the 
loss  of  mental  manifestation  may  not  result  from  this 
interfer^ica  The  heart  is  assuredly  not  the  seat  of 
intelligence ;  yet  if  we  check  the  action  of  the  heart, 
we  suspend  all  mental  manifestations.  What  proof 
have  we  that  the  Cerebrum  does  not  also  act  in  some 
such  indirect  manner  ?  Here  precise  Experiment  be- 
comes necessary.  Unhappily  precise  Experiment  is 
here  of  such  excessive  difiSiculty,  that  we  shaU  find 
experimenters  often  arriving  at  different  results.     The 
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Cerebmm  is  not  a  mass  definitely  separated  from  the 
other  masses,  so  that  its  removal  can  be  effected  with- 
out interfering  with  other  parts.  The  very  complezitj 
of  the  connections  established  between  it  and  other  cen- 
tres, renders  every  experiment  dubions,  except  in  that 
negative  direction  previously  pointed  out  (p.  87). 

The  researches  of  Flourens  made  an  epoch.*  They 
were  very  striking:  the  conclusions  he  drew  from 
them  were  announced  in  that  systematic,  definite,  and 
absolute  style,  which  is  characteristic  of  French  writers; 
and  by  reason  of  their  being  easily  understood  and 
easily  remembered,  they  gained  European  acceptance^ 
in  spite  of  the  reservations  of  Cuvier  and  Mullen 
They  are  really  very  captivating  works.  They  seem  to 
make  the  whole  matter  so  dear  and  simple,  that  criti- 
cism and  reservation  are  regarded  as  impertinent  dis- 
turbers of  a  comfortable  conviction.  But  the  serious 
student  learns  to  distrust  all  epigrams  in  science.  When- 
ever a  complex  question  is  answered  by  a  neat  formula^ 
pretending  to  embrace  all  the  phenomena,  and  to  clear 
up  all  obscurities,  it  is  a  wise  caution  which  suspects 
there  is  something  wrong.  I  am  far  from  wishing  to 
detract  from  the  merit  of  Flourens.  He  made  an  epoch, 
and  deserves  honourable  recognition.  But  I  do.  not 
think  his  conclusions  tenable  in  the  face  of  evidence ; 
his  facts  are  not  nnfrequently  in  contradiction  with 
what  more  careful   experiment  and  observation  dis- 

*  JPlourens  :  RechereKu  ezpSrimentales  tur  let  propriiiis  et  let /one- 
tioTu  du  Sytdme  Nerveux^  1824 ;  and  Expirienctt  twr  It  Syttime  Neneux, 
1825. 
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close  ;  and  his  condnsions  are  occasiosally  contradicted 
by  the  very  facts  he  himself  records,  although  theoretic 
preconceptions  blinded  him  to  their  significance. 

Flourens  declares  that  when  he  removed  the  whole 
of  the  Cerebnun  from  Pigeons  and  Fowls,  they  lost 
aU  sensation,  ail  perception,  aU  instinct,  and  aU  voli- 
tion. They  lived  perfectly  well  for  months  after  the 
operation,  if  the  food  were  placed  in  their  months;  bat 
they  never  sought  their  food ;  they  never  took  it,  even 
when  their  beaks  were  plunged  into  it :  they  could 
swallow,  and  digest  the  grains ;  but  they  had  no  in- 
stinct to  make  them  seek,  no  volition  to  make  them 
pick  up  the  grains.  They  saw  nothing,  although  the 
iris  remained  irritable ;  they  heard  nothing ;  they 
could  not  smell.  A  state  of  stupor  came  on,  resem- 
bling that  of  deep  sleep.  All  voluntary  action  ceased. 
If  they  were  thrown  into  the  air,  they  flew ;  if  irritated, 
they  moved  away  ;  but  if  left  to  themselves,  they  re- 
mained motionless,  with  the  head  under  the  wing, 
as  in  sleep.  Now,  inasmuch  as  these  effects  always 
ensue  when  the  Cerebrum  is  removed,  and  never  when 
only  the  Cerebellum  is  removed,  he  concludes  that  all 
instincts,  volitions,  and  sensations  ''  belong  exclusively 
to  the  cerebral  lobes." 

It  shoidd  be  stated  that  all  experimenters  agree  in 
one  cardinal  pQint,  namely,  that  removal  of  the  cerebral 
hemispheres  throws  the  animal  into  a  stupor  resembling 
that  of  deep  sleep,  Memory  being  almost,  if  not  totally, 
destroyed.  In  this  respect  we  may  compare  the  case 
previously  cited  from  Sir  Astley  Cooper  (p.  101). 
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Bat  all  experimenters  do  not  agree  in  other  points 
named  by  Flonrens ;  nor  in  the  condnsions  he  has 
drawn.  On  the  contrary,  it  is  very  certain,  and  we 
shall  find  evidence  even  in  Flonrens  himself  that  all 
instincts  and  all  sensations  are  not  destroyed  by  the 
removal  of  the  cerebral  lobes. 

Let  ns  hear  Bonilland  on  this  subject*  He  re- 
peated the  experiment  of  Flonrens,  removing  the  whole 
of  fhe  Cerebrum  from  the  Brain  of  a  fowl ;  and  he 
thus  records  his  o^rvations :  "  This  fowl  passes  the 
greater  part  of  her  time  asleep,  but  she  awakes  at  in- 
tervals, and  spontcmeously.  When  she  goes  to  sleep, 
she  turns  her  head  on  one  side  and  buries  it  in  the 
feathers  of  the  wing ;  when  she  awakes,  she  shakes 
herself,  flaps  her  wings,  and  opens  her  eyea  In  this 
respect  there  is  no  difference  observable  between  the 
mutilated  and  the  perfect  bird.  She  does  not  seem  to 
be  moved  at  all  by  the  noise  made  round  about  her, 
but  a  very  slight  irritation  of  the  skin  suffices  to 
awaken  her  instantaneouslv.  When  the  irritation 
ceases,  she  relapses  into  sleep.  When  awake,  she  is 
ofiben  seen  to  cast  stupid  glances  here  and  there^  to 
change  her  place,  and  walk  spontaneoudy.  If  put 
into  a  cage,  she  tries  to  escape;  but  she  comes  and 
goes  without  any  purpose,  or  rational  design.  When 
either  foot,  wing,  or  head  is  pinched,  she  withdraws  it ; 
when  she  is  laid  hold  of,  she  struggles  to  escape^  and 
screams  ;  but  no  sooner  is  she  liberated  than  she  rests 

*  Bouillaud:    Hecherehet  SxpirifnentaUi  tur  la  FoncdoM   du 
Cerveau  en gSn^irul,  1880,  p.  Bet aeq. 
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motionlesa  If  severely  irritated,  she  screams  loudly ; 
but  it  is  not  only  to  express  pain  that  she  uses  her 
voice,  for  it  is  by  no  means  rare  to  hear  her  cackle 
and  duck  a  litUe  spontaneousli/  ;  that  is  to  say,  when 
no  external  irritation  affects  her.  Her  stupidity  is 
profound ;  she  knows  neither  objects  nor  places,  nor 
persons,  and  is  completely  divested  of  memory  in  this 
respect :  not  only  does  she  not  know  how  to  seek  or 
take  food,  she  does  not  even  know  how  to  swallow  it 
when  placed  in  her  beak — ^it  mus^  be  pushed  to  the 
throat.  Nevertheless  her  indodlity,  her  movements, 
her  agitation,  attest  that  she  feels  the  presence  of  a 
strange  body.  Inasmuch  as  external  objects  excite  in 
her  no  idea,  no  desire,  she  pays  no  attention  to  them ; 
but  she  is  not  absolutely  deprived  of  the  power  of  atten- 
tion, for  if  much  irritated  her  attention  is  awakened. 
She  knows  not  how  to  escape  an  enemy,  nor  how  to 
defend  herself.  All  her  actions,  in  a  word,  are  blind, 
without  reflection,  without  knowledge.'" 

In  this  recital,  the  evidence  both  of  sensation  and 
instinct  is  incontestable,  to  any  unprejudiced  mind. 
Bouillaud,  in  commenting  on  his  observations,  remarks, 
that  assuredly  all  sensation  was  not  destroyed  since 
the  sensibilities  of  touch  and  pain  were  very  manifest. 
Nor  is  it  certain,  he  says,  that  the  fowl  heard  nothing, 
saw  nothing.  It  is  true  that  she  stumbled  against 
objects,  and  knew  not  how  to  avoid  them  ;  but  having 
lost  all  memory,  that  is  intelligible.  She  opened 
her  eyes  on  awaking,  looked  about,  and  showed  a 
sensibility  in  the  pupil  to  light ;  which,  he  thinks. 
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is  incompatible  with  the  absence  of  all  sensation  of 
sight 

The  experiments  of  Longet*  seem  decisive  on  this 
latter  point.  Having  removed  the  whole  of  the  Cere- 
brum from  a  pigeon,  he  observed  that  whenever  he 
approached  a  light  brusquely  to  its  eyes,  there  was 
contraction  of  the  pupil,  and  even  winking  ;  but,  what 
was  still  more  remarkable,  ''  when  I  gave  a  rotatory 
motion  to  the  candle,  and  at  such  a  distance  that  there 
could  be  no  sensation  of  heat,  the  pigeon  made  a 
similar  movement  with  its  head.  These  observations, 
renewed  several  times  in  the  presence  of  persons  who 
were  at  my  lectures,  left  no  doubt  of  the  persistence 
of  sensibility  to  light  after  removal  of  the  cerebral 
lobes/'  We  have  only  to  think  of  the  baby  following 
with  its  eyes  the  light  moved  before  it,  to  understand 
the  kind  of  impression  produced  by  the  candle  on  the 
pigeon.  Longet  also  declares  that  his  experiments 
prove  the  existence  of  sensations  of  sound,  after  re- 
moval of  the  whole  cerebrum. 

Dr  Dalton,  giving  the  results  of  numerous  experi- 
ments he  performed,  says  that  removal  of  the  Cere- 
brum plunges  the  animal  in  "  a  profound  stupor,  in 
which  he  is  almost  entirely  inattentive  to  surrounding 
objects.  .  .  .  Occasionally  the  bird  opens  its  eyes 
with  a  vacant  stare,  stretches  his  neck,  perhaps  shakes 
his  bill  once  or  twice,  or  smooths  down  the  feathers 
upon  his  shoulders,  and  then  relapses  into  his  former 
apathetic  conditioa    This  state  of  immobility,  how- 

•  LONOKT  :  Traits  de  Phynoloffie^  ii.  240. 
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ever,  ib  not  accompanied  by  the  loss  of  sight,  of  hear- 
ing, or  of  ordinary  sensibility.  AU  these  funcHone 
remain,  as  weU  as  that  of  vohmtary  motion.  If  a 
pistol  be  discharged  behind  the  back  of  the  animal,  he 
at  once  opens  his  eyes,  moves  his  head  half  round,  and 
gives  evident  signs  of  having  heard  the  report ;  but 
he  immediately  becomes  quiet  again,  and  pays  no 
further  attention  to  it  Sight  is  also  retained,  since 
the  bird  will  sometimes  fix  its  eye  on  a  particular 
object,  and  watch  it  for  several  seconds  together."  * 

While,  therefore,  Flourens  concludes  from  his  expe- 
riments that  the  Cerebrum  is  the  seat  of  all  sensation 
and  all  volition ;  and  Bouillaud  concludes  that  it  is 
most  probably  the  seat  of  nxme ;  Dr  Dalton,  more 
philosophical  than  either,  concludes  that  the  functions 
of  the  Cerebrum  are  restricted  to  those  usually  classed 
as  intellectual  **  The  animal,''  he  truly  says,  "  is  still 
capable,  after  removal  of  the  hemispheres,  of  receiving 
sensations  from  external  objects.  But  these  sensations 
appear  to  make  upon  him  no  lasting  impression.  He 
is  incapable  of  connecting  with  his  perceptions  any 
distinct  succession  of  ideas.  He  hears,  for  example, 
the  report  of  a  pistol,  but  he  is  not  alarmed  by  it ;  for 
the  sound,  although  distinctly  perceived,  does  not  sug- 
gest any  idea  of  danger  or  injury.  The  memory  is 
altogether  destroyed,  and  the  recollection  of  sensations 
is  not  retained  from  one  moment  to  another.    The 

♦  Dalton  :  Human  Physiology,  Philadelphia,  1859,  p.  362.  This 
lucid  exposition  of  the  principles  of  Physiology  is — ^like  the  similar 
work  of  Dr  Draper — an  honour  to  American  science. 
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limbs  and  muscles  are  still  under  the  contrcd  of  the 
will ;  but  the  will  itself  is  inactive^  because  iq>parentl7 
it  lacks  its  usual  mental  stimulus  and  direction.'^  * 

Translated  into  the  language  of  these  pages,  the 
expeiimehts  show  that  sensations  are  exdted  in  the 
centres  to  which  the  respectiye  sensory  nerves  belong ; 
these  centres,  in  turn,  excite  the  sensibility  of  the  great 
centre  (Cerebrum)  with  which  they  are  connected: 
these  reflex,  or  secondary,  excitations  call  forth  others 
(trains  of  ideas),  and  one  of  these  (say  the  idea  of 
danger)  acts  by  reflex  on  the  motor-organs.  By  re- 
moving the  great  centre,  you  remove  the  possibility  of 
its  various  reflexes ;  you  do  not  remove  the  sensibility 
of  other  centres. 

Dr  Dalton  reminds  us  how  disturbance  of  the  cere- 
bral functions  in  human  beings  recalls  these  observa- 
tions on  animals.  "  In  cases  of  impending  apoplexy, 
or  of  softening  of  the  cerebral  substance,  among  the 
earliest  and  most  common  phenomena  is  a  loss  or 
impairment  of  the  memory.  The  patient  forgets  the 
names  of  particular  objects,  or  particular  persons ;  or 
he  is  unable  to  calculate  numbers  with  his  usual  facil- 
ity. His  mental  derangement  is  often  shown  in  the 
undue  estimate  which  he  forms  of  passing  eventa  He 
is  no  longer  able  to  appreciate  the  true  relation  be- 
tween different  objects  and  difiEerent  phenomena.  Thus 
he  will  show  an  exaggerated  degree  of  solicitude  about 
a  trivial  occurrence,  and  will  pay  no  attention  to  other 
matters  of  impoitance.    As  the  difficulty  increases,  he 

♦  Dalton,  p.  862. 
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becomes  careless  of  the  directions  and  advice  of  his 
attendants,  and  mnst  be  watched  and  managed  like  a 
child  or  an  imbecile.  After  a  certain  period  he  no 
longer  appreciates  the  lapse  of  time,  and  even  loses 
the  distinction  between  day  and  night.  Finally,  when 
the  injury  to  the  hemispheres  is  complete,  the  senses 
may  still  remain  active  and  impressible  while  the 
patient  is  completely  deprived  of  inteUigenoe  and  judg- 
ment" * 

Having  seen  how  far  other  experimenters  are  from 
confirming  the  conclusions  of  ilourens,  let  us  glance 
at  his  record  of  observations,  and  we  shall  find  there 
evidence  that  all  sensation  and  aU  volition  cannot  be 
localised  in  the  Cerebrum. 

Speaking  of  a  fowl  whose  Cerebrum  was  removed 
the  day  before,  he  says,  ''  she  shakes  her  head  and 
feathers,  sometimes  even  she  cleans  and  sharpens  them 
vrith  her  beak ;  sometimes  she  changes  the  leg  on 
which  she  sleeps,  for,  like  other  birds,  she  sleeps  habitu- 
ally resting  upon  one  leg.  In  all  these  cases  she  seems 
like  a  man,  asleep,  who,  without  quite  waking,  changes 
his  place,  and  reposes  in  another,  from  the  fatigtie 
occasioned  by  the  previous  posture :  he  selects  one 
more  comfartdUe,  stretches  himself,  yawns,  shakes 
himself  a  little,  and  faUs  asleep  again.  ...  On 
the  third  day  the  fowl  is  no  longer  so  calm  ;  she  comes 
and  goes,  but  without  motive  and  vnthout  an  aim ; 
and  if  she  encounters  an  obstacle  on  her  path,  she 
knows  not  how  to  avoid  it''+    In  his  second  work  he 

*  Daltov,  p.  36S.  T  Flourevb,  p.  89. 
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remarks  of  a  Duck  (Operated  on  in  the  same  way:  "As 
I  mentioned  last  year  dpropoa  of  fowls,  the  duck  walks 
about  oftener,  and  for  a  longer  time  together,  when  it 
is  fasting  than  when  it  is  fed."  * 

Here  he  observes  the  unmistakable  evidence  of  feel- 
ings of  Hunger,  Fatigue,  and  Discomfort  in  animals 
which,  according  to  him,  have  lost  ail  sensatioa  He 
also  observes  the  operation  of  instinct  (cleaning  the 
feathers),  and  of  spontaneous  activity  (walking  about), 
in  animals  said  to  have  lost  all  instinct  and  all  volition. 
We  can  only  repeat  the  judgment  of  Johann  von  MiiUer: 
''Flourens  concluded  from  his  experiments  that  the 
cerebral  hemispheres  are  alone  the  central  organ  of 
sensations.  But  this  is  not  a  legitimate  inference 
from  his  highly  interesting  observations,  which,  as 
Cuvier  remarked,  prove  directly  the  contrary  of  this." 

If  we  review  the  evidence  furnished  by  experiment 
and  observation,  we  shall  perceive  that  although  the 
cerebral  hemispheres  play  an  important  part  in  the  psy- 
chical mechanism,  they  are  not  the  exdusive  centres  of 
sensation,  instinct,  or  volition,  since  all  these  are  mam- 
fested  when  the  cerebrum  is  removed.  This  is  one 
step  towards  the  demonstration  of  the  truth,  that  nei- 
ther the  whole  brain,  nor  any  portion  of  it,  can  be 
the  exclusive  organ  of  the  Mind.  This  is  only  a  step, 
however,  and  we  must  wait  until  the  whole  nervous 
system  has  come  under  review  before  the  demonstra- 
tion can  be  complete. 

We  have  still  to  ascertain  what  are  the  functions  of 

*  Floubbkb  :  Exp6rienee$,  p.  20. 
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the  Cerebrum.  The  first  point  we  notice  is,  that  no 
nerre  whatever  issues  from  it  It  is  the  gangtionic 
centre  with  which  aU  nerves  are  indirectly  connected, 
but  from  which  no  nerve  takes  its  risa  All  its  vast 
array  of  nerve-fibres  forms  but  a  connecting  apparatus, 
by  means  of  which  it  is  played  upon  by  all  other  centres, 
and  can  play  upon  them.  We  are  justified,  therefore, 
in  concluding  that  not  one  of  the  sensations  excited 
by  external  stimuli  can  be  directly  produced  in  the 
Cerebrum,  but  must  reach  it  through  the  ganglion  of 
each  stimulated  nerve.  It  is  on  this  ground,  I  presume, 
that  Prochaska,  MuUer,  Schroeder  van  der  Eolk,  and 
others,  have  maintained  that  consciousness  of  sensations 
is  no  function  of  the  Cerebrum  at  all.  I  am  not  sure 
that  I  perfectly  seize  their  meaning ;  but  every  argu- 
ment seems  to  be  against  the  idea  that  the  Cerebrum 
acts  as  the  original  seat  of  aensaiions  derived  through 
the  sensory  nerves.  This  position  must  be  clearly  un- 
derstood The  Cerebrum  I  conceive  to  be  a  seat  of 
Sensibility,  because  of  its  ganglionic  nature.  But  the 
forms  of  Sensibility  excited  in  it  must  necessarily  differ 
from  those  excited  in  other  ganglia,  which  have  different 
OTganic  connections.  It  has  no  nerves  distributed  to 
the  skin,  or  to  the  organs  of  special  sense  ;  it  cannot, 
therefore,  have  the  peculiar  kinds  of  sensation  which 
are  excited  through  the  skin  and  organs  of  sense.  Its 
Sensibility  can  only  be  excited  through  the  agency  of 
its  own  nerve-fibres ;  and  these  connect  its  several 
parts  together,  and  connect  it  with  the  other  centres, 
upon  which  it  plays,  and  through  which  it  is  played 

VOLu  n.  H 
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upon.  We  have  no  difficulty  ia  understanding  that, 
because  the  organic  apparatns  with  which  the  optic 
centre  is  connected,  differs  from  that  of  the  auditory 
centre,  the  forms  of  Sensibility  excited  in  these  centres 
will  be  different.  Nor  should  we  have  any  difficulty 
in  understanding  why  a  ray  of  light  acting  on  the 
optic  centre  must  excite  a  different  form  of  Sensibility 
from  that  which  would  be  excited  by  its  acting  on  the 
Cerebrum  through  the  optic  centre,  %.e.  giinng  the  9enr 
mtion  of  light  in  the  one  case,  and  the  perception  of 
light  in  the  other. 

By  this  explanation  I  have  endeavoured  to  make  it 
clear  how  the  forms  of  Sensibility  excited  in  the  cere- 
bral henuspheres  must  necessarily  be  in  many  respects 
unlike  those  excited  in  the  ganglia,  which  are  direcdy 
stimulated  by  sensory  nerres.  The  difference  between 
a  perception  of  sound  and  a  sensoition  of  sound  is  as 
great  as  the  difference  between  the  sensation  of  pain 
when  a  skin-nerve  is  divided,  and  the  sensation  of  a 
flash  of  light  when  the  optic  nerve  is  divided. 

The  Sensibilities  of  the  Cerebrum  are  usually  grouped 
under  two  general  heads — Intellect  and  Emotion. 
Hitherto  it  has  been  mysterious  how  an  organ  so 
homogeneous  as  the  Cerebrum,  wherein  each  convolution 
IB  but  a  repetition  of  the  others,  should  nevertheless 
serve  functions  so  various  as  those  of  the  Intellect  and 
the  Emotions.  Even  those  who  reject  the  phrenological 
localisation  of  the  separate  faculties,  admit  that  the 
front  part  of  the  Cerebrum  seems  specially  devoted  to 
the  Intellect,  and  the  middle  and  back  parts  to  the 
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Emotions  and  Instincta  But  neither  phrenologists, 
nor  their  antagonists,  to  my  knowledge,  have  had  any 
scientific  explanation  to  offer ;  and  as  the  views  adyo- 
cated  in  these  pages  seem  to  me  to  present  a  possible 
elucidation  of  the  difficulty,  I  will  first  state  the  objec- 
tion, and  then  endeavour  to  remove  it. 

The  convolutions  of  the  Cerebrum  are  everywhere 
similar  and  continuous,  like  so  many  folds  in  a  piece  of 
velvet  They  are  not  separate  ;  they  are  not  different ; 
they  are  identical  Why,  then,  can  we  suppose  they 
are  the  organs  of  very  different  functions  ?  We  do  not 
imagine  that  one  lobe  of  the  liver,  or  lobule  of  the 
kidney,  plays  a  different  part  from  that  of  its  fellows ; 
why,  then,  do  we  imagine  that  one  convolution,  or 
group  of  convolutions,  can  be  devoted  to  reasoning,  and 
another  to  loving,  one  to  the  perception  of  colours,  and 
another  to  an  instinct  ? 

The  phrenologists  evade  this  difficulty  by  saying 
that  ''observation  teaches  them  the  facts  are  so.'' 
Without  here  disputing  this  assertion,  I  must  remark 
that  it  in  no  way  removes  the  scientific  difficulty ;  and  as 
Phrenology  professes  to  be  the  Physiology  of  the  Brain, 
it  is  bound  to  connect  its  observations  with  some  scien- 
tific explanation  of  the  nervous  mechanism  involved. 

We  need  not  evade  the  difficulty ;  for  if  Function 
be  determined  by  anatomical  connection,  it  is  clear  that, 
although  the  Cerebrum  may  be  one  homogeneous  struc- 
ture, it  win  have  various  Amotions  if  it  be  connected 
with  various  organs.  Assuming  that  every  convolution 
has  the  same  general  property  of  Sensibility,  our  piin- 
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ciples  lead  to  the  condusiou  that  the  peculiar  kind 
of  Sensibility  excited  in  each  will  depend  upon  the 
nature  of  the  stimulus  ;  and  the  nature  of  the  stimulus 
will  of  course  be  determined  by  the  organic  apparatus 
effecting  it.  A  stimulus  through  the  optic  centre  must 
be  different  from  a  stimulus  through  the  gustatoiy 
centre ;  and  both  of  these  must  be  different  from  a 
stimulus  through  the  viscera  The  stimulus  received 
through  the  centre  of  Perception,  will  necessarily  differ 
firom  that  received  through  the  centre  of  the  Appetites ; 
and  thus,  widely  as  an  Idea  differs  from  an  Emotion, 
they  are  both  peculiar  forms  of  Sensibility. 

Although  the  general  relations  of  the  cerebral  con- 
volutions are  thus  indicated,  it  would  require  an  en- 
tirely new  investigation  of  the  anatomy  of  the  Brain 
to  carry  this  into  detail  For  the  present  our  knowledge 
is  too  imperfect  to  admit  even  of  an  attempt  at  detail 
I  wiU,  however,  venture  to  suggest  the  point  of  view 
which  might  direct  inquiry.  K  we  ask  what  are 
the  chief  divisions  into  which  all  psychical  pheno- 
mena group  themselves,  we  shall  find  that  the  popular 
classification  into  Thinking  and  Feeling,  or  Mental  and 
Moral,  lucidly  and  broadly  indicates  the  primary  groups. 
Let  us,  ideally,  decompose  these  into  six  centres,  three 
for  each  division.  In  the  first  group  we  may  place 
Sensations,  Perceptions,  and  Ideas — ^the  various  com- 
binations of  which  represent  intellectual  activity.  In 
the  second  group  we  may  place  Sensations,  Instincts, 
or  Appetites  and  Emotions — the  various  combinations 
of  which  represent  moral  activity. 
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Sensation  thus  forms  the  point  of  departure  for  each 
series.  But  we  have  already  seen  that  there  are  various 
kinds  of  sensation,  and  that  these  fall  into  two  dis- 
tinguishable groups — namely,  Sense-sensations  and 
Systemic-sensationa  The  first  are  derived  through  the 
organs  of  special  Sense,  i  e.  Sight,  Hearing,  Taste, 
Smell,  and  Touch.  The  second  are  derived  from  the 
Viscera,  Muscles — ^in  a  word,  from  the  system  at  larga 
The  first  may  ahnost  be  considered  as  impersonal,  be- 
cause they  bring  us  into  conscious  relation  with  exter- 
nal objects — ^with  the  Not-self  The  second  are,  on  the 
contrary,  intensely  personal,  because  they  do  not  bring 
us  into  conscious  relation  with  external  objects,  but 
only  with  what  is  passing  within  our  bodies.  Beason 
has  often  been  considered  impersonal,  but  no  one  ever 
considered  Emotion  to  be  so.  The  intellectual  opera- 
tions always  imply  an  externality  ;  even  when  we  are 
speculating  about  our  own  feelings  or  mental  opera- 
tions, we  always  view  them  as  if  apart  from  ourselves. 
The  Emotions  have  a  deeper  root  in  personality.  Every 
man,  unless  he  be  a  subtle  p^chologist,  believes  that 
the  redness  is  in  the  rose,  the  sweetness  in  the  apple, 
and  the  loudness  in  the  thunder.  But  no  man,  not 
even  the  psychologist,  believes  that  the  love  or  hate,  the 
fear  or  reverence,  the  desire  or  disgust,  which  moves 
him,  belongs  to  the  object  which  excites  the  feeling. 

This  externality  of  the  Sense-sensations,  and  inter- 
nality  of  the  Systemic-sensations,  creates  a  broad  line 
of  demarcation  between  the  Perceptions  which  arise 
from  the  one,  and  the  Appetites,  or  Instincts,  which 
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arise  from  the  other ;  and  these,  in  turn,  issue  in  the 
veiy  different  forms  of  Sensibility  known  respectiydy 
as  Thought  and  Emotion. 

It  has  never  been  donbted  that  our  perceptions  and 
ideas  have  their  origin  in  sensationa  The  old  philo- 
sophic adage  that  nothing  is  in  the  intellect  which  was 
not  previously  in  the  sense,  may  be  equivocal,  from  a 
restricted  use  of  the  word  sense ;  but  it  points  to  the 
well-authenticated  fact,  that  sensation  lies  at  the  basis 
of  all  intellectual  operation.  I  feel  myself  justified, 
therefore,  in  considering  Ideation  as  the  form  of  cere- 
bral sensibilily.  which  is  determined  by  the  cerebral 
connections  with  the  ganglia  of  special  Sensa  In 
like  manner,  Emotion  may  be  considered  as  the  form 
of  cerebral  sensibility  which  is  determined  by  connec- 
tions with  the  ganglia  of  visceral  sensation.  It  was 
formerly  believed  that  the  heart,  the  liver,  and  the 
spleen,  were  seats  of  the  passions ;  popular  language 
still  preserves  this  notion ;  but  Bichat  was  the  last 
great  anatomist  who  countenanced  the  doctrine.  Since 
that  doctrine  has  fallen  into  discredit  there  has  been 
an  undue  neglect  of  the  important  tact  which  it  endeav- 
oured to  explain,  namely,  the  immediate  influence  exer- 
cised over  the  emotions  by  the  condition  of  the  viscera^ 
and  the  influence  exercised  over  the  viscera  by  the  state 
of  the  emotions.  Both  the  ancient  and  the  modem  doc- 
trine are  reconciled  in  the  view  I  have  put  forth,  which 
makes  the  viscera  the  main  source  of  emotions,  just 
as  the  organs  of  sense  are  the  main  source  of  ideas. 

Although  the  mental  phenomena  are  thus  grouped 
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under  two  primary  and  six  secondary  divisions,  to  which 
anatomy  may  one  day  assign  corresponding  parts  of 
the  nervous  apparatus,  we  must  never  lose  sight  of  the 
fact,  that  there  is  perpetual  action  and  interaction  be- 
tween the  various  centres.  But  this  consideration  leads 
us  into  the  domain  of  Psychology,  and  we  must  there- 
fore pause  here.  It  is  not  for  us  to  attempt  to  unravel 
the  tangled  mystery  of  mental  operations.  We  have 
not  been  able  to  do  more  than  indicate  in  a  very  general 
manner  the  relations  existing  between  the  Mind  and 
the  Brain  ;  and  having  done  so,  we  have  now  to  ask, 
whether  the  cerebral  hemispheres  have  any  other  func- 
tions? I  think  they  have ;  but  as  physiologists  have 
not  directed  their  attention  in  this  direction,  there 
are  no  experiments  on  record  to  throw  light  on  it. 
Lallemand  conceives  that  there  must  be  some  necessary 
dependence  of  the  Spinal  Chord  on  the  Cerebrum  in 
the  higher  animals,  and  it  is  to  this  he  attributes  the 
fact,  certainly  significant,  that  children  bom  without  a 
brain  never  live  more  than  three  or  four  days  :  they 
do  not  die  of  starvation,  for  they  swallow  food  quite 
weU.  He  also  observes  that  the  Toovements  of  these 
brainless  children  are  much  feebler  than  those  of  others 
at  the  same  age.*  One  might,  indeed,  suspect  the 
cause  to  lie  deeper;  the  same  cause  which  deter- 
mined the  malformation  may  determine  the  feeble 
vitality.  But  Lallemand's  idea  is  strengthened  by  the 
observation  of  Fiourens,f  that  removal  of  the  cerebrum 

*  Quoted  by  SOLLT  On  tJu  Brainy  p.  455. 
t  Floubens:  Mecherehss,  p.  129. 
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retards  digestion  ;  and  by  the  familiar  fact  of  the  inti- 
mate sympathy  between  the  Mhid  and  all  the  organic 
functions. 

It  is  perhaps  on  this  ground  that  we  may  explain  the 
disproportion  between  the  mental  activity  and  the  size 
of  brain  in  certain  animals.  The  elephant  has  a  brain 
three  times  heavier  than  that  of  man  ;  and  that  of  the 
wfiBle  is  nearly  twice  as  heavy  as  that  of  man.  It  is 
true  that  in  the  elephant  and  whale  the  cerebrum  is 
not  so  much  greater  than  the  other  parts,  as  is  the  case 
in  man,  in  whom,  as  we  saw,  it  is  eight  times  the  size 
of  the  other  parts  ;  nevertheless  the  preponderance  of 
the  cerebrum  is  considerable,  and  there  is  certainly  no 
preponderance  of  mental  power  to  correspond  with  it. 
When,  however,  we  conceive  the  cerebrum  as  the  chief 
nervous  centre  having  dominion  over  all  others— when 
we  assign  to  it  participation  in  other  functions  besides 
those  of  mental  activity,  the  immense  size  of  the  body 
of  the  elephant  and  whale  seems  to  justify  an  equivalent 
development  of  the  cerebrum. 

On  this,  however,  we  must  be  content  with  hypo- 
thesea  Science  has  no  carefully-collated  fsicts  to  justify 
us  in  anything  beyond  a  general  surmise  that  the 
cerebral  hemispheres  .have  more  than  an  intellectual 
and  volitional  part  to  play:  that  they  are  directly  con- 
nected with  the  functions  of  intelligence,  no  reasonable 
man  will  doubt ;  and  having  arrived  at  this  conclu- 
sion, we  will  now  pass  on  to  the  examination  of  the 
other  centres,  by  anatomists  grouped  together  under 
the  general  term  Brain. 


CHAPTER  IX. 

(ConUnued.) 

THE  MIND   AND   THE   BRAIN. 

SEOnON  n.— THE  CEBEBELLX7H  AND  MEDUIXA  OBLONOATA. 

Desoription  of  the  CerebeUum — GMl'a  hTpothesii — ^EzperimeDts  of 
Flourens  to  proye  that  the  Cerebellum  oo-ordinatee  muBOular  moye- 
mente :  argnmente  against  saoh  an  hypothenB — Flat  oontradictions 
— ^The  experiments  of  Sohiff— Evidenoe  furnished  by  Comparatiye 
Anatomy ;  and  by  DiseaM — ^Absence  of  the  CerebeQnm  not  aocom- 
panied  by  absence  of  oo-ordination :  Combette's  ease— The  Cere- 
bellum as  a  seat  of  sensation  and  volition — Has  the  Cerebellnm  any 
share  in  intellectual  operations  ?— Description  of  the  Medulla  oblon- 
gata— ^Is  the  Medulla  distinct  from  the  Spinal  Chord  ? — The  Medulla 
a  seat  of  yolition — Why  it  is  considered  a  seat  of  sensation — Is  there 
a  ''vital  point?" — ^Experiments  of  Flourens  contradicted  by  the 
experiments  of  Schiff  and  Brown-S^uard— Influence  of  the  Medulla 
on  the  hearths  action — Why  a  "  shock"  of  grief  or  joy  causes  death — 
Pain  the  cause  of  death — Summary  of  the  ftmcUons  of  the  Brain. 

Afteb  the  Cerebrum,  or  big  brain,  onr  attention 
must  be  claimed  by  the  Cerebellnm,  or  little  brain, 
which,  in  man,  lies  underneath  the  greater  mass,  as 
seen  in  Fig.  51,  2,  p.  122.  The  two  organs  present 
some  differences  in  structure,  but  ihej  agree  in 
principal  points:  they  are  both  composed  of  grey 
matter  externally,  and  internally  of  white  matter. 
The  convolutions  of  the  Cerebellum  are  more  com- 
V0L.n.  I 
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pressed,  and  hare  tbe  appearance  of  leaflets.    Like  tlie 
Fit;.  61.  Cerebmin,  it  is  to- 

tally insensible  to 
pricks  or  pinch- 
es. Its  relation  to 
the  other  centres 
is  ronghly  indicat- 
ed in  this  diagram 
(Fig.  62). 

Gall,  to  whom 
we  owe  so  great  a 
debt  for  the  im- 
pulse he  gave  to 
"•""••^"^  the  study  of  the 

^■B'i.  nervous  system,  as- 

signed the  sexu- 
al instinct  to  the 
Cerebellum.  This 
hypothesis,  after 
haying  been  exten- 
sively discnssed.  is 
now,  I  believe,  re- 
jected by  all  good 
physiolog^ts ;  and 

-  ,.  „  we    mnst  declare 

DiAauH  or  Vibtical  Ssctiom  or  the  Bbub.  ■•i.w-.o 

I.    OlfiKbiry   Ougltaii;   3.    ths    Crrebnl    Heioi*    With    Loncet   that 
sphenl :  S.  Corfpua  Slristmn  ;  *.  OpHc  ThgUmu. ; 

T  G^^of''"thf¥™vjtri.'^rourr^  *  "^^  ®""*y  ^ 

mV»  S.T/^S  Zitu'lT&^°''^  tlie  evidence  forces 

(ifter  Mion.  i  the  oonolusionthat 

neither  Anatomy  nor  Pathology,  neither  Experiment 
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nor  Comparative  Anatomy,  justifies  our  assigning  the 
sexual  instinct  to  the  Cerebellum.* 

It  is  extremely  probable  that  an  antagonism  to  Phre- 
nology, and  a  desire  to  find  it  in  the  wrong,  has  con- 
siderably sharpened  the  wits  of  physiologists,  in  the 
investigation  of  this  point,  maMng  them  at  once  more 
patient  in  research,  and  more  circumspect  in  interpre- 
tation, than  they  are  wont  to  be  when  no  doctrine  is 
at  stake.  If  a  little  of  this  animus  had  moved  them 
to  scrutinise  more  closely  the  hypothesis  first  pro- 
pounded by  Flourens,  it  would  never  have  obtained 
the  too  £acile  acquiescence  of  Europe  ;  and  our  science 
would  have  been  burdened  with  one  error  less.  But 
there  was  nothing  at  stake  in  the  hypothesis  that  the 
Cerebellum  was  the  organ  of  muscular  co-ordination — 
nothing  but  Truth ;  and,  unhappily,  the  desire  for  Truth 
does  not  move  the  passions  of  men  with  the  same 
energy  as  a  desire  to  attack  or  defend  a  system. 

If  there  is  a  position  which  our  text-books  represent 
as  impregnable,  it  is  that  the  co-ordination,  or  regular 
tion,  of  muscular  movements  is  the  peculiar  function 
of  the  Cerebellum.  It  seems  looked  on  as  a  first  truth. 
The  experiments  of  Flourens  and  Bouillaud  are  con- 
sidered as  having  established  the  point  beyond  disputc-i- 
With  what  justice  we  will  now  inquire. 

*  LoNOET :  TraUS  ds  Phytiol.  ii. ;  Lelut  :  Re^a  de  la  docdrvMorgaa^ 
dogique;  IxUBXr  €t  Oratiolbt:  AntU.  Comp.  du  Sytthne  Nerveux^ 
L  427,  M.  Dr  Cabpsntkb  has  also  ooUeoted  eyidence  on  this  point 
in  his  Human  Phyriology, 

t  Flourins  :  lUAerehet,  &c.  BomLULUD :  lUehercKei  Undant  d 
r^futer  Vvpinion  de  M.  OaU  nor  UtfonOitnu  du  CerveUt,  1827.  Although 
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Flourens  removed,  by  successiye  slices,  the  Gerebel* 
Inin  of  a  goosa  With  the  first  slices  he  noted  healta- 
tion  and  want  of  harmony  in  the  moyements  of  the 
bird ;  with  the  second  slices  the  walk  became  a  stagger ; 
with  the  final  slices  all  power  of  locomotion,  aU  power 
of  retaining  the  equilibrium  of  the  body,  disappeared. 
Throughout  these  operations  the  intellectual  and  sen- 
sitive faculties  were  undisturbed.  "  The  Cerebellum, 
therefore,^  concludes  Mourens,  "  is  the  seat  of  the  co- 
ordination of  muscular  movement ;  but  not  the  seat  of 
intelligenoe,  sensation,  volition.  The  Cerebrum  ,/%0b 
and  wills;  the  Medulla  oblongata  and  spinal  chord 
exectUe;  the  Cerebellum  co-ordinatea/*  This  is  one 
of  those  neat  epigrams  which  captivate  assent^  and 
rest  in  the  memory ;  and  as  regards  the  Cerebelluin,  it 
receives  further  assistance  from  the  following  state- 
ment made  by  Longet :  "  Take  two  pigeons — ^from  the 
one  remove  the  whole  Cerebrum,  from  the  other  only 
a  part  of  the  Cerebellum ;  on  the  morrow,  the  first  will 
be  firm  on  its  feet^  the  second  will  have  the  gait  of  a 
drunken  man.''* 

The  fiBuct  is  indisputable ;  but  does  it  cany  the  con- 
clusion? It  seems  to  me  that  there  is  a  misconception 
of  the  bearing  of  experimental  evidence,  in  the  sup- 
position that  injury  to  an  oigan,  followed  by  disturb- 
ance of  a  particular  function,  proves  that  the  function 

BouiLLAUO  ooBtroverts  Floureks  on  some  points,  showing  that  it  is 
only  over  the  muscles  of  the  extremities  thaf  the  co-ordinating  power 
extends,  yet  he  agrees  with  him  on  the  main  point. 
*  LoNOBT,  iL  265. 
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in  question  has  its  seat  in  that  organ :  nothing  more 
than  a  suspicion  can  be  warranted  by  such  evidence ; 
and  in  the  present  case  the  suspicion  is  proved  to  be 
erroneous,  by  the  fiict  that  the  function  can  in  some 
cases  be  exerdsed  when  the  organ  is  absent  Experi- 
ment and  Pathology,  if  sufficiently  examined,  distinctly 
pronounce  against  the  hypothesis. 

The  idea  of  there  being  one  particular  seat  of 
muscular  co-ordination  appears  to  me  illusory.  Each 
centre  co-ordinates  the  muscles  to  which  its  nerves  are 
distributed ;  and  the  co-ordination  of  the  whole  de- 
pends on  the  integrity  of  the  whole  mechanism.  The 
Spinal  Chord  is  the  general  centre  from  which  spring 
the  nerves  distributed  to  the  limbs  and  tnmk.  If  this 
chord  be  divided,  lengthwise,  into  two  halves,  each  half 
will  co-ordinate  the  muscles  of  each  side  of  the  body ; 
but  the  two  sides  will  not  move  harmoniously,  because 
the  integrity  of  the  mechanism  has  been  disturbed ; 
and  as  regards  the  movements  of  the  limbs,  the  two 
halves  might  be  two  animals.  It  is  the  same  when 
the  chord  is  divided  across :  this  cuts  the  body  into 
two  halves;  but  the  fore-legs  are  co-ordinated  by  the 
anterior  half,  the  hind-legs  by  the  posterior  hal£  But 
if  the  division  has  not  been  complete,  if  we  leave  the 
grey  matter  to  be  on  one  side  continuous,  then  Stilling 
assures  us,  the  continuity  enables  both  sides  to  be  co- 
ordinated.* 

The  experiments  of  Flourens  and  BouiUaud  certainly 

*  Stilling  :  Untertuchungen  iUter  die  Fundionm  det  RUeienmaris^ 
145. 144),  156. 
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prove  that  the  GerebeUmn  exercises  some  niaiiced  in- 
flnenoe  on  muscular  movements,  at  least  those  implied 
in  sustaining  equilibrium.  But  this  is  true  only  of 
birds  and  mammala  It  is  unequivocally  not  true  of 
lizards,  frogs,  tritons,  &c.  Flourens  indeed  says :  "  I 
removed  the  Cerebellum  of  a  frog ;  uFalldng,  leaping, 
even  standing,  were  suddoily  abolished.  I  removed 
the  Cerebellum,  bit  by  bit,  from  another  frog ;  walldng. 
leaping,  and  standing  were  gradually  abolished."* 
The  facts  were  doubUess  as  he  describes  them ;  but  I 
venture  to  say  that  if  he  had  allowed  half  an  hour  to 
elapse,  so  as  to  allow  the  shock  of  the  operation  to  pass 
away,  he  would  have  seen  the  frogs  leaping  and  swim- 
ming 88  vigorously  as  ever.  Every  one  who  has  ex- 
perience in  these  matters  will  remember  that  unless 
the  frogs  so  operated  on  (or  even  after  the  entire  re- 
moval of  the  brain)  were  carefully  secured,  they  were 
soon  hopping  about  the  house — to  the  horror  of  maid- 
servants, and  amusement  of  the  experimenter. 

Here  then  is  a  patent  contradiction :  The  Cerebellum, 
which  has  such  marked  influence  over  the  movements 
of  birds,  has  none  at  all,  that  is  appreciable,  over  the 
movements  of  frogs.  Those  who  suffer  phrases  to  do 
duty  for  ideas,  may  get  over  this  contradiction  by  say- 
ing that  birds  are  "  differently  constituted''  from  frogs, 
and  therefore  the  Cerebellum  may  have  a  function  in 
the  one  which  it  has  not  in  the  other.  But  no  biolo- 
gist, who  pretended  to  philosophy,  would  be  satisfied 
with  a  phrase  so  vague ;  he  would  demand  in  what 

*  Flourens,  p.  61. 
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this  said  difference  of  constitution  consisted.  He  woold 
know  that  fonction  is  detennined  by  anatomical  con- 
nection, and  would  inquire  what  were  the  anatomical 
differences  in  these  cases. 

I  was  groping  my  way  through  this  obscurity,  when 
the  experiments  of  Schiff  seemed  to  flash  a  sudden 
streak  of  light.  He  showed  that  the  strands  of  nerve- 
fibres  which  pass  into  the  Cerebellum  (called  the  crwra 
cerehdU)  are  instrumental  in  fixing  the  vertebral 
column  in  the  region  of  the  neck ;  and  that  when  an 
injury  to  the  Cerebellum  disturbs  the  harmony  of 
movements,  it  is  by  acting  on  these  neck-fixing  parts. 
If  the  Cerebellum,  he  says,  be  cut  through  on  one  side, 
the  movements  become  insular;  but  if  it  be  cut 
through  on  both  sides,  in  a  perfectly  symmetrical 
manner,  the  movements  do  not  at  all  become  irregu- 
lar.* No  one  need  be  told  that  the  equilibrium  of  the 
body  is  maintained  by  the  adjustment  of  the  vertebral 
column.  This  must  be  notably  the  case  with  a  long- 
necked  bird ;  it  is  not,  however,  the  case  with  the  short- 
necked  frog,  or  triton,  which  requires  no  such  adjust- 
ment of  its  column  to  preserve  equilibrium.f 

After  this  refutation,  it  is  interesting  and  instructive 
to  read  the  array  of  fietcts  which  can  be  brought  from 

*  SomTV :  Lehrbuch  der  PhytioLy  L  355. 

t  Since  this  was  written,  the  Grerman  translation  of  Sohb(EDEB  Van 
DEB  KoLK^B  work  has  appeared,  in  which  he  declares  it  has  always 
been  incomprehensible  to  him  how  men  could  believe  the  cerebellum 
to  be  the  seat  of  co-ordination,  which  he  places  in  the  spinal  chord, 
and  he  adduces  the  movements  of  decapitated  frogs  as  proof. — Ba% 
%nd  FttndwM^  der  Mtd,  Spin.i  1859,  p.  68. 
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Comparative  Anatomy  to  give  oountenanoe  to  the 
hypothesis  :  ''  On  ascending  the  scale  of  mammiferons 
animals,  we  cannot  but  be  stmck  with  the  rapid  ad- 
vance in  the  proportional  size  of  the  Cerebellnm  which 
we  observe  as  we  rise  from  the  lowest  (which  are  sni^ 
passed  in  this  respect  by  many  birds)  towards  man,  in 
whom  it  attains  a  development  which  appears  enormous 
even  when  contrasted  with  that  of  the  Quadnunana. 
In  proportion,  in  fact,  as  the  extremities  acquire  the 
power  of  prehension,  and  together  with  this  a  power 
of  application  to  a  great  variety  of  purposes — still 
more  in  proportion  as  the  animal  becomes  capable  of 
maintaining  the  erect  posture,  in  which  a  constant 
muscular  exertion,  consisting  of  a  number  of  most 
elaborately  combined  actions,  is  required — do  we  find 
the  size  of  the  Cerebellum  and  the  complexity  of 
its  structure  undergoing  a  rapid  increase.  Thus,  even 
between  the  dog  and  the  bear  there  is  a  marked  dif- 
erence ;  the  latter  being  capable  of  maintaining  for 
some  time  the  erect  posture,  and  often  spontaneously 
assuming  it ;  whilst  to  the  former  it  is  anything  but 
natural^'  * 

This  evidence  is  valuable  as  indicating  some  con- 
nection between  the  Cerebellum  and  muscular  move- 
ments, but  it  cannot  weigh  against  the  positive  evi- 
dence just  adduced.  Nor  can  much  countenance  be 
gained  from  the  evidence  of  Disease,  although  that  also 
is  frequently  invoked  Irregularity  of  co-ordination  is 
indeed  sometimes  found  accompanying  disease  of  the 

*  Carfentsr  :  ffunuin  Phydology,  p.  521. 
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Cerebellam ;  but  more  frequently  not ;  and  it  some- 
times  accompanies  disease  of  the  Cerebrum.  Andral 
has  collected  ninety-three  cases  of  diseased  Cerebellum, 
and  of  these  *'  there  is  only  one  which  tends  to  favour 
the  opinion  of  physiologista^'  Longet,  who  quotes 
this^  remarks  that  inasmuch  as  the  diseases  were  for 
the  most  part  chronic,  it  is  possible  that  the  unaffected 
portions  may  have  performed  the  co-ordinating  fimc^ 
tion ;  and  he  considers  the  evidence  of  Experiment  to 
be  more  conclusive  On  the  other  hand,  Ludwig  curtly 
declares  that  all  experiments  on  birds  are  valueless  for 
the  physiology  of  man,  since  no  one  has  ever  observed 
these  phenomena  of  imperfect  co-ordination  when  the 
human  Cerebellum  has  been  injured.*  I  agree  with 
Longet  that  experiment  is  more  conclusive ;  but  it  con- 
cludes against  the  hypothesia  Pathology,  however, 
records  one  very  striking  case,  which  of  itself  would 
suffice  to  settle  the  question,  because  it  shows  us  the 
absence  of  a  Cerebellum  in  a  human  subject.  It  was 
first  published  by  Combette,  in  the  Revtie  Midicaie, 
1831,  and  ia  constantly  alluded  to.  Mr  Solly  reports 
it  thus,  in  his  work  on  the  Brain  : — 

*'  This  was  a  case  in  which  the  Cerebellum  was 
entirely  wanting,  nothing  being  found  in  its  place  but  a 
quantity  of  serous  fluid  contained  in  the  membranes : 
on  each  side  a  pedunculated  body,  not  larger  than  a 
pea^  was  attached  to  the  corpora  restiformia ;  all  the 
rest  seemed  replaced  by  a  nervous  sac.  The  pons 
Varolii,  as  well  as  the  Cerebellum,  were  absent,  and 

*  LuDWia  :  Lekrlmeh  der  PhytioL,  L  210. 
vol.  II.  K 
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the  indiyidual  in  whom  this  remarkable  lesion  was  ob- 
served had  attained  the  age  of  eleven  years. 

"This  ease  shows  that  agenesia  cerei)elli,  or  total 
want  of  the  Cerebellum,  does  not  necessarily  render 
existence  impossible,  provided  the  other  parts  of  the 
nervous  centres  be  well  conformed.  The  individual 
may  even  live  for  a  considerable  time.  The  child  here 
was  nearly  twelve  years  of  age,  and  we  have  reason  for 
considering  the  disease  as  congenital ;  for  had  it  been 
acquired — had  this  absence  of  the  whole  CerebeUnm 
depended  on  an  actual  destruction  of  the  nervous  sub- 
stance by  an  organic  lesion,  it  is  not  probable  the 
child  would  have  survived  so  long. 

"  What  were  the  phenomena  observed  during  life? 
What  effect  did  this  complete  atrophy  produce  on  the 
intellect  ?  What  modification  in  the  function  of  mo- 
tion ?  The  intellectual  faculties  were  obtuse,  though 
not  to  a  remarkable  degree;  the  answers  slow  and 
difficult ;  the  whole  countenance  expressive  of  stupid- 
ity :  in  a  word,  the  child,  though  not  exactly  idiotic, 
still  showed  a  deviation  of  the  mental  powers.  The 
motility  was  also  modified  ;  the  power  of  motion 
was  considerably  weakened  in  the  lower  limbs,  which 
did  not  possess  their  natural  force  and  vigour  ;  hence 
the  child  was  unable  to  support  itself  with  any  firm- 
ness ;  it  fell  down  frequently ;  the  legs  crossed  each 
other  during  walking,  and  the  gait  was  irregular  and 
unsteady.  At  length  the  child  was  compelled  to  con- 
fine itself  altogether  to  bed,  and  after  some  time  was 
unable  to  stir,  even  when  lying  in  a  horizontal  position. 


combettb'b  oase.  Idi 

Thus  the  modification  of  motility  consisted  in  the  gra- 
dual abolition  of  motion :  to  this  were  joined  epilepti- 
form convulsions,  which  continued  for  some  time,  and 
finally  carried  off  the  patient.  The  sensation  of  the 
integumental  covering  was  not  modified  in  any  way 
whatever.  There  was  no  increase  of  sensibility  in  the 
commencement — ^no  obtuseness  or  diminution  of  feel- 
ing, even  when  paralysis  was  most  complete;  the 
senses  also  remained  intact.  The  child  could  see, 
hear,  and  taste,  in  a  perfect  manner.  The  functions  of 
nutrition,  circulation,  and  respiration  were  carried  on 
without  any  notable  disturbance." 

This  remarkable  case  has  been  quoted  to  prove  the 
truth  of  the  opinion  advanced  by  Flourens  ;  it  is  al- 
luded to  by  Longet  as  one  subversive  of  all  the  hypo- 
theses that  have  been  advanced.  If  we  examine  it  by 
the  light  of  the  experimental  canon  previously  laid 
down — ^namely,  that  ''  the  disappearance  of  a  function, 
on  the  removal  of  an  organ,  is  no  proof  whatever  that 
the  function  had  its  seat  in  that  organ  ;  but  the  per- 
sistence of  a  function,  after  the  removal  of  an  organ,  is 
rigorous  proof  that  the  function  had  not  its  seat  in  that 
organ" — ^we  shall  clearly  see  that  the  opinion  of  Flourens 
is  refuted  by  this  case.  The  co-ordinating  power 
was  weak,  indeed,  at  least  in  the  lower  extremities 
(nothing  is  said  of  the  upper)  ;  but  the  whole  motility 
was  weak,  and  at  last  destroyed.  Now  the  hypothesis 
which  assigns  co-ordination  as  the  function  of  the 
Cerebellum,  expressly  denies  that  organ  to  be  the  seat 
of  motility, — that  being  assigned  to  the  Spinal  Chord. 
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It  IB  oo-ordinatioii  alone  which  the  GerdieQiim  is  said 
to  effect ;  and  when  the  whole  of  that  oigan  is  re- 
moved, all  co-ordination,  at  least  of  the  extremities^  is 
said  to  disappear.  Bat  this  was  assoredly  not  the  case 
in  the  instance  jnst  quoted ;  the  whole  of  the  Cere- 
beUom  was  absent,  and  only  a  slight  j!>ar<  of  the  oo- 
ordinating  power  was  affected.  This  peisistenoe  of 
the  fonction  in  the  absence  of  the  oigan  is  a  demon- 
stration of  ihe  error  of  Flonrena  Whatever  were 
the  causes  which  affected  the  motility  of  the  child, 
who  was  half  an  idiot,  they  also  necessarily  affected 
her  power  of  co-ordinating  her  movement&* 

Two  other  cases  are  referred  to  by  Brown-S^qoard, 
wherein  total  destmction  of  the  Cerebellum  by  disease 
was  tmaccompanied  by  paralysia.  or  any  other  troid>le 
in  the  functions  of  animal  life.  "  I  have  ascertained," 
he  says,  further,  *'  that  it  is  by  the  irritation  they  pro- 
duce on  various  parts  of  the  basis  of  the  brain  that  the 
diseases  of  the  Cerebellum,  or  its  extirpation  in  a|ii- 
nuJs,  cause  the  disorder  of  movements  which  has  been 
considered  as  depending  upon  the  absence  of  a  guiding 
power.  In  fact,  the  least  irritation  of  several  parts  of 
the  brain,  with  only  the  point  of  a  needle,  may  gener- 
ate very  nearly  the  same  disorder  of  movements  that 
follows  the  extirpation  of  the  Cerebellum."  f 

*  Dr  BoBEBT  Willis,  in  the  valuable  notes  to  his  translation  of 
Wcigner't  Phytiology,  takes  a  similar  view :  "  The  poor  chOd  was 
almost  an  idiot ;  but  as  she  spoke,  and  walked,  and  used  her  handa^ 
it  is  obvious  that  the  Cerebellum  oould  have  had  nothing  to  do  with  the 
highly  oomplieated  movements  requisite  in  all  these  acta"  (p.  SS7). 

t  Bbown-Saquabd  :  Ltctiwret  in  Lancet^  27th  August  1858. 
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Lockhart  Clarke  is  also  indisposed  to  accept  the  cur- 
rent hypothesis.  "  That  the  Cerebellum,"  he  says,  "  is 
in  some  way  concerned  in  the  regulation  and  co-ordin- 
ation of  muscular  movements,  appears  to  follow  from 
experiment  and  pathological  investigation  ;  but  I  think 
there  are  many  reasons  for  believing  that  the  mode  of 
action  usually  assigned  to  it  is  unsatisfactoiy,  and  at 
variance  with  many  established  facta'^* 

It  is  an  interesting  illustration  of  the  poweifiil  bias 
wUch  may  be  given  to  the  mind  by  a  striking  experi- 
ment,  or  a  captivating  formula,  that  a  multitude  of 
facts  which  contradicted  Flourens  have  either  been  dis- 
regarded, or  have  been  only  admitted  as  suggestive  of 
doubts.  But  the  reader  will,  I  hope,  now  see  that  the 
hypothesis  of  the  Cerebellum  being  the  organ  of  mus- 
cular co-ordination  is  not  doubtful  —  it  is  utterly 
erroneoua 

II.  The  Cerebellum  a  Seat  of  Sensation  and 
Volition. — ^What,  then,  is  the  function  of  the  Cerebel- 
lum ?  Unhappily  no  clear  answer  can  be  given  to  that 
question ;  and  mainly  because  the  answer  has  not  been 
sought  in  the  right  way.  All  I  can  attempt  at  present 
is  to  show  that  the  Cerebellum  must  be  a  seat  of  Sen- 
sation and  Volition,  because  it  is  a  great  ganglionic 
centre,  or  group  of  centres,  having  the  same  tissues  as 
those  other  cranial  centres  which  every  one  admits  to 
be  endowed  with  Sensibility. 

It  has  been  held  by  very  eminent  investigators  that 

*  Logkhart  Clabkx  :  PhUotophieal  TrantacHont,  1858,  p.  681. 
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the  Cerebellum  is  the  seat  of  Sensibility.*  This  is  an 
exaggeration  ;  but  it  suffices^  even  as  an  exaggeration, 
to  show  how  many  facts  speak  in  favour  of  Sensibility 
in  this  organ.  Mr  Solly  has  quoted  the  following  pas- 
sage from  Foville,  which  bears  upon  the  point :  "  The 
opinion  advanced  by  some  physiologists  that  the  Cere- 
bellum is  the  regulator  of  the  voluntary  movements,  if 
we  attentively  consider  the  reasoning  on  which  it  rests, 
seems  to  me  to  strengthen  the  idea  which  places  the 
central  seat  of  sensibility  in  the  Cerebellum.  After 
having  injured  the  structure  of  the  Cerebellum  exten- 
sively, we  have  observed  that  animals  preserved  their 
power  of  moving  their  limbs,  but  had  lost  that  of  co- 
ordinating the  movements  of  these  in  a  manner  con- 
venient to  station,  progression,  flight,  &c.  But  when 
we  will  to  perform,  and  actually  perform,  certain 
movements,  do  we  not  distinctly  feel  that  we  execute 
them  ?  The  man  who,  with  his  eyes  shut,  moves  his 
hand  or  his  arm,  does  he  not  also  distinctly  feel  that  he 
moves  these  parts  as  if  he  followed  them  with  his  eyes  I 
While  the  paralysed  man  who,  with  his  eyes  shut,  is 
desired  to  move  his  paralysed  limbs,  may  be  very  will- 
ing to  do  so,  though  incapable  and  perfectly  aware  of 
his  incapability  of  obeying.  If  this  be  true,  how  can 
we  expect  that  an  animal  deprived  of  the  faculty  of 
perceiving  the  sensation  of  the  movements  which  it 
executes,  should  execute  them  in  the  ensemble  with 

*  Compare  Lonoet,  Traitf,  ii.  263,  for  authorities.  He  himself 
thinks  that  it  participates  in  sensation  but  is  podtiTe,  that  it  is  not 
the  exclutive  seat 
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harmony,  and  in  accordance  with  a  proposed  end? 
How  can  we  expect  it  to  walk  deliberately  and  to  keep 
its  equilibrium,  if  it  does  not  feel  the  ground  upon 
which  it  stands,  if  it  is  ignorant  of  the  position  in 
which  its  limbs  are  placed  ?  I  remember  conversing 
with  Sir  Astley  Cooper  on  this  subject  towards  the  end 
of  1830.  Sir  Astley  cited  to  me  the  case  of  a  man 
completely  deprived  of  the  faculty  of  sensation  in  one 
arm  and  hand,  the  muscular  power  of  which  was,  how- 
ever, preserved.  When  this  man  was  desired  to  take 
hold  of  and  to  Ufb  anything,  he  did  so  quite  well ;  but 
if,  whilst  holding  the  object,  his  attention  was  taken 
away  firom  the  hand,  irregular  contractions  of  the 
limb  commenced,  and  very  soon  the  object  fell  to  the 
ground :  as  soon  as  the  patient  ceased  to  follow  the 
contractions  of  his  fingers  mth  his  eyes,  nothing  re- 
mained  to  inform  him  that  he  held  the  object,  when,  of 
course,  it  escaped  from  his  grasp.  This,  and  other 
cases  of  a  similar  description,  seem  conclusive  as  to 
the  fact  of  sensation  being  the  true  regulator  of  the 
muscular  motions :  it  is  by  means  of  sensations  that 
we  are  aware  of  the  mode  or  degree  of  action  in  our 
muscles,  that  we  have  the  power  of  co-ordinating  their 
contractions  in  a  suitable  manner,  and  of  executing  a 
succession  of  voluntary  movements  in  harmony  with 
one  another." 

Indeed  there  will  be  few  physiologists  now  to  dis- 
pute the  position,  that  the  facts  which  indicate  the  Cere- 
bellum to  have  a  considerable  share  in  muscular  co- 
ordination, also  prove  that  it  must  have  a  share  in 
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Sensation,  since  withont  Sensation  no  co-ordination  is 
possible.  What  that  share  precisely  is,  we  cannot  say. 
It  is  dear  that  the  Senses  are  not  dependent  on  the 
Cerebellum ;  for  the  girl  in  Combette's  case  ms  in 
perfect  possession  of  Sight,  Hearing,  and  Taste:  It  \b 
equally  clear  that  Pain  has  not  its  centre  thera  But 
nothing  can  be  said  very  decisively  as  to  the  other 
sensations.* 

Has  the  Cerebellum  any  share  in  the  intellectaal 
operations  ?  Flourens  and  BouiUaud  declare  not ;  but 
Longet  properly  remarks,  that  inasmuch  as  animals 
deprived  of  that  organ  survive  but  a  little  time,  and 
generally  in  a  state  of  great  agitation,  it  is  difficult  to 
form  an  opinion  as  to  the  state  of  their  inteUigenca 
Nor  can  much  reliance  be  placed  on  pathological  cases. 
Very  frequently  no  trouble  whatever  of  the  intellectaal 
faculties  seems  to  accompany  disease  of  the  Cerebellum ; 
but  inasmuch  as  disease  of  the  Cerebrum  is  also  fre- 
quently unaccompanied  by  disturbance  of  the  intelli- 
gence, no  conclusion  can  be  founded  on  that  Disease 
sometimes  notably  disturbs  the  intelligence ;  and  in 
Combette's  case  the  girl  was  nearly  idiotic. 

When,  therefore,  we  consider  the  great  similarities 
in  structure  and  position  between  the  Cerebrum  and 
Cerebellum ;  and  when,  further,  we  reflect  that  the 
Cerebellum  in  the  various  stages  of  the  animal  scale  is 

*  BrKoBLE,  inhiswork,  TIU  Human  Mitui  in  ^  JieUuiotu  wUk  tie 
Brain  and  Nervous  SytUM^  p.  49  teq.,  advances  the  hypothesis  that 
the  gangllonio  masses  of  the  Cerebellum  named  wrpora  diiUataan  the 
seat  of  tactile  sensibility. 
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always  foimd  to  be  developed  in  proportion  to  the 
intellectual  development  of  the  animal,  being  beyond 
all  comparison  greatest  in  man,  and  smallest  in  fishes, 
there  is,  it  must  be  confessed,  reason  to  suspect  that 
the  Cerebellum  also  partidpatea  in  some  degree  in  the 
production  of  mental  phenomena.  At  the  same  time 
we  must  admit  that  there  is  no  direct  evidence  on  the 
point,  either  for  or  against  it 

in.  Functions  of  the  Medulla  Oblongata. — 
Besides  the  Cerebrum  and  Cerebellum,  there  are  other 
smaller  ganglionic  masses  at  the  base,  the  most  impor- 
tant of  which  are  the  corpora  striata  and  optic  ikal- 
ami  (Fig.  52,  s,  4,  p*  122),  and  each  of  which  must 
play  some  important  part  in  the  nervous  mechanism. 
But  what  that  part  is,  can  in  no  case  be  stated  with 
even  an  approach  to  certainty.  The  hypotheses  are 
numerous  and  contradictory ;  *  but  except  the  share 
which  the  corpora  quadrigemina  have  in  vision,  there 
seems  to  be  no  solid  ground  of  fact  yet  ascertained. 
We  will  therefore  pass  over  these  ganglia,  and  direct 
attention  to  the  third  important  organ  of  the  encepha- 
lon — the  Medulla  Oblongata. 

Although  included  among  the  parts  of  the  Brain,  or 
encephalon,  because  it  is  included  within  the  cavity 
of  the  skull,  and  because  its  columns  pass  into  both 
Cerebellum  and  Cerebrum^  the  Medulla  Oblongata  is 

*  The  latest  I  have  met  with  ia  that  of  Dr  NoBLB,  who  regards  the 
optio  thftlami  and  oorpora  striata  as  the  seat  of  emotional  sensibility. 
-~I%«  Human  Mind,  p.  60. 
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53.  really  and  truly  the   upper 

part  of  tihe  Spmal  Chord,  and 
bears  more  resemblance  to 
the  Spinal  Choid  than  to  any 
portion  of  the  Braia  This, 
which  is  ohvions  on  a  super- 
ficial examination,  becomes 
Btill  clearer  on  a  microscopic 
investigation;  and  although 
the  point  is  of  little  importr 
ance  as  a  matter  of  naming, 
■B  VIEW  Of  THE  '^  ^"^  presently  be  seen  to 
have  considerable  importance 
when  we  come  to  the  inter- 
pretation of  functions.  In 
Figa  53  and  54  we  see  the 
Mednlla  in  its  coDnections 
with  the  Brain  and  Chord. 

Such  is  the  external  as- 
pect Bespecting  the  internal 
structure  little  can  here  be 
said,  since  there  is  probably 
no  anatomical  question  whidi 
can  surpass  it  in  complex- 
ity and  obscurity.  The  stu- 
dent desirous  of  pursuing  the 
.  ^^i  ^X'  ^,  "~?^  -  subject  will  do  well  to  pre- 

1,  Bection  of  th«  Optlo  Thiluniu :  •  * 

BfMl'S"^ih£''^^^Mit  P*"  luinself  by  studying  the 
Bgdicaj  s,  cntanusinpcariu*'  important  works  Bottced  be- 
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low.*  It  will  suffice  for  our  purpose  if  we  can 
bear  in  mind  that  the  Medulla  is  really  a  prolon< 
gation  of  the  Spinal  Chord,  to  which  there  are 
some  additions  both  of  grey  and  white  matter.f 
It  has  ganglionic  masses  peculiar  to  it,  named  the 
Olivary  bodies  (Fig.  53,  4).  It  has  also  a  great 
variety  of  commissural  fibres,  by  means  of  which 
an  immense  variety  of  actions  are  co-ordinated.  Sen- 
sory  nerves  and  motor  nerves  issue  from  it ;  but  these 
do  not  display  the  symmetry  of  arrangement  noticed 
in  the  nervous  pairs  issuing  from  the  Chord.  It  is 
also  the  ganglionic  centre  for  the  nerves  of  Hearing 
and  Taste. 

If  we  now  ask  what  are  the  functions  of  this  com- 
plex part  of  the  Encephalon,  we  shall  find  that  the 
ever-recurring  question  as  to  whether  the  Bndn  is  or 

*  The  two  works  of  Stillino  ( Ueher  die  MedvUa,  1848,  and  Ueber 
den  Ban  dee  Hiruknotens,  1846),  fonn  the  storehouse  whence  sucoeeding 
writers  have  grateMly  drawn  their  chief  materials,  the  only  consider- 
able additions  being  dne  to  Sohrcedeb  van  der  Eolk  (Bau  und 
Ftmctionen  der  Medulla  SpifuUit  und  OhUnigata);  and  Lockhabt 
Clark£  {PhtloMophuxU  Traneacluma,  1858),  whose  admirable  researches 
have  been  duly  appreciated  by  the  few  persons  in  Europe  competent 
to  estimate  them.  In  citing  the  last-named  anatomist,  I  cannot 
here  forbear  acknowledging  how  much  I  owe  to  the  readiness  with 
which  he  initiated  me  into  his  method  of  making  microsoopio  prepara- 
tions. 

i*  "  It  is  well  known  that  in  the  spinal  chord  the  columns  of  white 
and  grey  substance  are  parallel  to  each  other,  and  preserve  the  same 
relative  position  throughout  their  entire  course ;  but  in  the  Medulla 
Oblongata  these  parts  not  only  assume  a  different  an*angement,  by 
becoming  more  or  less  blended  with  each  other,  and  with  new  struc- 
tures, but  frequently  pursue  a  curvilinear  direction  in  different  planes, 
inclined  at  varying  angles."— Lockhabt  Clarke. 
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is  not  the  exclusive  sensoritim,  may  here  receiye  consi- 
derable  illustration.  We  shall  also  find  that  there  was 
something  more  than  a  mere  question  of  naming  in- 
volved in  the  donbt  as  to  whether  or  not  the  Medulla 
belonged  to  the  Brain.  For  observe,  the  Medulla  is  now 
ahnost  unanimously  declared  to  be  a  seat  of  sensation 
and  volition.  If,  therefore,  it  be  not  included  in  the 
term  Brain,  there  can  be  no  longer  any  question  as  to 
the  Brain  being  the  exclusive  sensoiium ;  and  if  the 
upper  part  of  the  Spinal  Chord  can  be  a  seat  of  sen- 
sation and  volition,  there  can  be  no  valid  argument 
against  the  evidence  which  proves  that  the  rest  of  the 
Spinal  Chord  is  also  a  sensorial  seat 

Miiller  says :  "  It  is  the  seat  of  volition.  The  ex- 
periments of  Flourens  show  that  animals  in  which  the 
cerebral  hemispheres  have  been  removed,  though  in  a 
state  of  stupor,  are  still  capable  of  executing  voluntary 
movements ;  they  have  still  this  power  after  the  re- 
moval of  the  cerebellum  also. "  *  I  am  not  sure  that 
I  rightly  understand  this ;  but  we  may  suppose  him  to 
mean  that  the  Medulla  is  a  seat  of  volition  ;  that  it  is 
not  the  exclusive  seat,  will  be  evident  when  I  narrate 
my  own  experiments,  which  show  that  animals  manifest 
volition  after  removal  of  the  whole  Brain,  including  the 
Medulla.     Muller  thus  continues  : — 

"  It  is  the  seat  of  tiie  faculty  of  sensation.  This  is 
not  merely  shown  by  the  anatomical  fact  that  all  the 
cerebral  nerves,  with  the  exception  of  the  first  and 
second  (ol£Etctory  and  optic),  are  connected  with  it,  or 

*  MULLBB :  Phynology,  i.  828. 
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with  its  prolongations  into  the  Brain ;  it  is  proved 
also  by  experiment/' 

The  reader  is  requested  to  pay  particular  attention 
to  the  passage  just  quoted,  and  to  the  assertion  that 
the  Medulla  must  be  the  seat  of  sensation  because 
nerves  are  connected  with  it.  Sdiroeder  van  der  Kolk, 
who  also  maintains  that  the  Medulla  and  the  ganglia 
at  the  base  of  the  Cerebrum  constitute  the  sole  senso- 
rium,*  is  more  specific  than  Miiller,  for  he  says  that 
the  Medulla  must  be  ''  the  seat  of  Perception,  the  spot 
where  sensory  impressions  become  senscUions,''  because 
it  is  there  (as  he  supposes)  that  the  sensory  nerve-fibres 
terminate  in  ganglionic  cells.-  Now  I  ask,  if  the  fact 
that  nerves  are  connected  with  ganglionic  centres  is  a 
proof  that  these  centres  must  be  the  seat  of  sensation ; 
how  can  we  deny  that  similar  gangUonic  centres  lower 
down  the  Spinal  Chord,  which  are  similarly  connected 
with  sensory  nerves,  must  also  be  the  seat  of  sensation? 
And  this  question  becomes  still  more  pressing  when 
we  learn,  as  we  shall  presently,  that  the  same  kind  of 
experiments  as  those  which  indicate  the  Medulla 
Oblongata  to  be  a  seat  of  sensation,  no  less  decisively 
indicate  the  Spinal  Chord  to  be  one.  The  only  possible 
answer  which  occurs  to  me  is  this :  The  nerves  which 
issue  from  the  Medulla  Oblongata,  and  the  ganglia 
above  it,  are  nerves  of  special  sense — namely,  the 
auditory,  gustatory,  olfactory,  and  optic ;  each  of  these 
nerves,  being  in  connection  with  a  special  apparatus, 
is  capable  of  producing  a  difierent  effect  from  that  of 

*  SoBBOSDEB  YAK  PSB  KoLK :  Ba%  und  Funetionen,  p.  88. 
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all  other  nexTe&  It  is  only  the  nerves  of  special  sense 
which  can  create  sensation. 

Easy  as  it  is  to  refute  snch  an  answer,  I  have  thought 
it  worth  while  to  adduce  it,  because  Logic  irresistibly 
forces  ns  to  conclude,  that  unless  sensation  be  the-  pro- 
duct of  a  particular  group  of  nerves  and  their  ganglia^ 
it  must  be  the  product  of  all  nerves  and  their  ganglia. 
Unless  some  reason  can  be  shown  why  the  apparatus  of 
Sight,  Smell,  Taste,  and  Hearing,  has  the  peculiar  privi- 
lege of  awakening  sensation,  the  mere  connection  of  a 
nerve  with  its  ganglion  miLst  suffice  for  sensation.  Now, 
that  these  special  organs  of  sense  have  no  such  peculiar 
privilege  is  very  evident,  when  we  consider  the  fiicts. 
Without  here  insisting  on  muscular  sensations  and 
visceral  sensations,  on  the  multitudinous  forms  of  sen- 
sation I  have  grouped  under  the  head  of  Systemic 
consciousness,  it  is  enough  to  refer  to  the  sensations  of 
Touch,  Temperature,  and  Fain.  No  one  will  be  hardy 
enough  to  deny  that  these  are  veritable  sensations;  yet 
these  are  not  capable  of  being  produced  at  all  by  the 
nerves  of  Sight,  Smell,  or  Hearing.  They  have  no  spe- 
cial apparatus.  There  is  no  one  tactile  nerve  and  tac- 
tile ganglion :  all  the  skin-nerves  are  nerves  of  touch, 
all  produce  sensations  ;  and  these  sensations,  there  is 
ample  evidence  to  believe,  are  produced  when  the  whole 
of  the  brain,  including  the  Medulla,  is  removed.* 

This  view  of  the  relation  of  nerves  to  centres,  and 
the  consequent  extension  of  sensation  to  all  parts  of 

*  The  attempt  to  explain  away  fluch  oTidence,  on  the  Beflex  Theory, 
will  be  refuted  by-and-by. 
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the  cerebro-spinal  axis,  is  not  so  entirely  novel  as 
it  may  at  first  appear.  The  only  real  novelty  is  in 
its  anatomical  precision.  Sir  Charles  Bell,  to  cite 
only  one  example,  had  a  strong  though  dim  convic- 
tion that  it  was  an  error  to  limit  sensation  to  the 
action  of  the  special  senses.  **  It  appears  to  me/'  he 
says,  "that  the  frame  of  the  body,  exclusive  of  the 
special  organs  of  seeing,  hearing,  &c.,  is  a  complex 
organ,  I  shall  not  say  of  sense,  &t^  which  ministers, 
like  the  external  senses,  to  the  mind;  that  is  to  say,  as 
the  organs  of  the  five  senses  serve  to  furnish  ideas  of 
matter,  the  framework  of  the  body  contributes,  in 
certain  conditions,  to  develop  various  states  of  the 
mind."*  Although  this  is  very  vague,  and,  because 
of  its  vagueness,  has  found  little  acceptance,  we  see 
that  the  phenomena  had  not  escaped  Bell's  attention. 
As  he  proceeds,  he  becomes  still  more  vague;  and 
thinks  that  because  a  blow  on  the  eye  will  produce  the 
sensation  of  a  flash  of  light,  which  proves  that  the 
organs  of  the  senses  can  be  exercised  when  there  is  no 
corresponding  outward  impression,  we  can  comprehend 
how  other  organs  of  the  body  may  have  a  relation 
established  with  the  mind  without  reference  to  out- 
ward impressions.  As  an  anatomist,  it  behoved  him 
to  indicate  by  what  kind  of  mechanism  this  relation 
was  established.  I  have  done  so,  by  refeiring  to  the 
one  mechanism  which,  in  the  case  of  the  external 
senses,  we  know  to  be  operative — ^namely,  the  connec- 
tion of  nerves  with  their  ganglia :  wherever  a  nerve 

*  Bell  :  l%e  Anatomy  and  Pkiiotophf  ofExpreuion,  4th  edit.  p.  83. 
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excites  a  ganglion,  there  mil  be  sensibility.  The 
visceral-neryes  excite  their  ganglia,  the  muscle-nerves 
excite  their  ganglia^  the  skin-nerves  excite  their 
ganglia,  and  the  nerves  of  special  sense  excite  thdr 
ganglia :  the  physiological  process  is  in  each  case 
similar,  although  the  sensations  produced  are  neces- 
sarily various.  Bell  seemed  to  be  very  near  the  truth 
at  one  time,  as  may  be  gathered  from  the  following 
passage : — "  It  is  a  singular  fact  in  the  history  of 
physiological  opinions,  that  the  heart,  an  organ  the 
most  susceptible  of  being  excited  by  the  agitations  or 
derangements  of  the  body,  should  have  been  considered 
at  one  time  as  insensible.  And  yet  in  one  sense  it  is 
true  that  it  is  so.  To  actual  touch  the  heart  is  ins^i- 
sible,  as  was  exhibited  to  the  illustrious  Harvey,  in 
the  person  of  a  young  nobleman  who  had  the  heart 
exposed  by  disease.  This  single  circumstance,  had 
there  been  no  other  evidence,  should  have  earlier  di> 
rected  physiologists  to  a  correct  view  of  the  matter ; 
from  its  proving  that  the  tntemcU  organs  are  affected 
and  v/nited  by  sensibilities  altogether  different  in  kind 
from  those  bestowed  upon  the  skin.  The  sensibility  of 
the  external  surface  of  the  body  is  a  special  endow* 
ment  adapted  to  the  elements  around,  and  calculated 
to  protect  the  interior  parts  from  injury.  But  though 
the  heart  has  not  this  common  sense  of  touch,  yet  it 
has  an  appropriate  sensibility,  by  which  it  is  held 
united  in  the  closest  connection  and  sympathy  with 
the  other  vital  organs.^'*    Had  Bell  not  shared  the 

*  Bell  :  Anaiomy,  and  PkUcaopky  qfXxprmion,  p.  86. 
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tmiyersal  prejudice  respecting  the  Brain  as  the  exclu- 
sive seat  of  sensation,  such  considerations  wotdd  have 
led  him,  I  think,  to  the  truth. 

» 

In  the  course  of  our  demonstration  that  every 
ganglionic  centre  must  be  a  seat  of  Sensibility,  we 
have  found  that  the  majority  of  physiologists  now 
regard  the  Medulla  Oblongata  as  a  sensational  centre ; 
and  their  reasons  for  so  regarding  it,  both  anatomical 
and  experimental,  we  have  said,  apply  with  equal  force 
to  the  whole  of  the  Spinal  Chord,  of  which,  indeed,  the 
Medulla  is  but  the  upper  part.  Having  elicited  this, 
we  will  now  call  attention  to  another  interesting  hypo- 
thesis which  has  been  advanced  respecting  the  Medulla 

rV.  Is  THESE  A  Vital  Point  ? — It  has  been  demon- 
strated that  the  Medulla  Oblongata  is  the  centre  for 
the  nerves  of  Respiration.  The  various  actions  in- 
volved in  speech,  in  swallowing,  sneezing,  &c.,  are  also 
co-ordinated  here.  It  is  because  the  actions  concerned 
in  Bespiration  have  their  centre  here,  that  any  other  part 
of  the  spinal  axis  may  be  destroyed  without  destroying 
life ;  but  destruction  of  the  Medulla  in  mammals  has 
been  known,  since  the  time  of  Oalen,  to  bring  with  it 
instantaneous  destruction  of  life.  This  fact  was  lighted 
up  with  sudden  interest  when  Flourens  announced  that 
he  had  discovered  a  particular  spot,  a  mere  point,  the 
extirpation  of  which  caused  instant  death.  He  called 
this  the  ncBud  vital,  or  vital  point,  because  every  other 
part  of  the  organism  might  be  removed  without 
death. 

VOL.  n.  L 
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In  that  part  of  the  grey  substance  of  the  Medulla 
called  the  ''  floor  of  the  fourth  ventricle/'  and,  because 
it  is  shaped  like  a  V,  called  the  calamiLS  scriptorius 
(nib  of  the  pen),  there  is  a  smaller  v  to  be  seen  (Fig. 
54,  6,  p.  138).  The  point  of  this  second  Y,  not 
larger  than  a  pin's  head,  is  the  "  vital  point,*'  according 
to  Flourens.  When  experiment  had  verified  the  assei^ 
tion  that  death  instantly  followed  the  destruction  of 
this  point,  physiologists  quickly  perceived  that  tiie 
explanation  of  the  fact  was  not  that  here  life  had  its 
special  centre,  but  that  here  was  the  special  centre  for 
the  co-ordination  of  the  breathing  mechanism.  Indeed, 
the  fact  that  reptiles  will  live  for  months  without  their 
heads,  sufficed  to  disprove  this  notion  of  a  ''vital 
point" 

Since  this  passage  was  originally  written,  I  have 
learned  that  the  very  fact  upon  which  Flourens  rests 
his  hypothesis,  is  not  correcUy  conceived  by  him. 
Schi£f  and  Brown-S^quard  have  both  removed  this 
"  vital  point "  without  destroying  life — ^the  animal  con- 
tinuing to  breathe  and  live  for  five  or  six  days.  Their 
conclusion  is,  that  when  extirpation  of  the  point  causes 
death,  it  is  because  of  the  irritation  of  the  neighbour- 
ing parts  in  the  Medulla  suddenly  checking  the  action 
of  the  heart.* 

V.  Influence  of  one  Centre  on  another — ^The 
reader  will  perhaps  have  felt  some  surprise  in  learning 

•  SCHIFF :  Lehrbuch  der  Physiol.,  i.  823.   Browh-SeqUard  :  Journal 
de  la  Pkytiol.,  i.  217.  d  uq. 
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that  the  irritation  of  a  nerve-centre  arrests,  instead  of 
exciting,  the  action  of  the  heart.  The  fact  is  indubit-^ 
able,  whatever  may  be  the  explanation.  The  heart,  as 
we  formerly  learned  (voL  L  p.  332),  possesses  its  own 
independent  ganglia,  in  virtue  of  which  it  continues 
pulsating  long  after  death,  and  even  after  removal  from 
the  body.  But  if  the  pneumogastric  nerves  be  galvan- 
ised, these  nerves,  although  they  send  filaments  to  the 
heart,  will  not  cause  the  heart  to  beat  faster — they 
will  arrest  its  beating.  This  was  first  shown  in  an 
experiment  devised  by  Weber.  He  transmitted  an 
electric  current  through  the  pneumogastric,  and  the 
heart  suddenly  stopped ;  after  allowing  it  to  resume 
its  beats  till  they  reached  the  normal  rapidity,  he 
again  stopped  them  by  another  current.* 

That  which  is  effected  by  the  electric  current  may  be 
effected  by  irritation  of  the  Medulla  Oblongata.  The 
galvanib  stimulus  acts  in  the  same  way  as  the  stimulus 
of  the  nerve-centre.  There  is  one  point,  however,  to 
which  especial  attention  should  be  called.  Although 
the  electric  current  arrested  the  beating  of  the  heart,  in 
the  experiments  just  noticed,  it  would  have  quickened 
the  pulsation  had  the  current  been  slighter.  The  same 
phenomena  will  follow  a  powerful  and  a  moderate  ex- 
citement of  the  Medulla :  the  powerful  excitement 
arresting,  and  the  moderate  accelerating,  the  pulsations. 

*  This  experiment  has  since  been  repeated  in  Tarious  ways.  See 
EOKHARD,  Beitrdffe  ner  Anatomie  und  Physiologie,  p.  147.  LoKOET 
failed  when  he  tried  the  experiment,  owing  to  an  incorrect  application 
of  the  method. 
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Hence  it  is  that  sudden  death  may  result  from  the 
"  shock  "  of  grief  or  of  joy.  Hence  it  is  that  a  strong 
emotion  makes  the  heart  palpitate.  Every  one  knows 
the  effects  of  a  burst  of  strong  emotion :  there  is  a 
momentary  cessation  of  the  pulse,  followed  by  an  agi- 
tation :  at  first  our  "  breath  is  taken  away/'  and  thai 
we  shout,  or  cry,  or  tremble.  Some  taint  under  a 
powerful  shock ;  others  dia 

While  noticing  this  influence  of  the  Medulla  on  the 
heart,  we  must  not  omit  to  mention  the  important  fact 
that  pain  diminishes  the  heart's  action.  Indeed,  pain 
will  sometimes  cause  death  in  this  way.  When  par 
tients  die  under  an  operation,  it  is  seldom  from  the 
loss  of  blood ;  it  is  firom  the  effect  of  pain  on  the  heart's 
action,  combined  with  the  previous  weakening  effect  of 
the  hemorrhaga  This  has  been  proved  by  experiment. 
On  the  other  hand,  Wilson  Philip  found  that  when  a 
rabbit  had  been  stunned  by  a  blow  on  the  head,  its 
Medulla  might  be  destroyed  without  an  arrest  of  the 
heart  ensuing.*  Claude  Bernard  also  found  that  if 
rabbits  were  rendered  insensible  by  etherisation,  their 
Medulla  could  be  destroyed  without  destroying  life; 
whereas,  if  the  Medulla  be  even  irritated  without  pre- 
vious etherisation,  death  inevitably  ensues  from  cessa- 
tion of  the  heart's  action.*|*  The  immense  importance 
of  chloroform,  and  other  ansBsthetic  agents,  in  severe 
operations,  is  thus  made  physiologically  apparent 

*  Wilson  Philif  :  Sxperimenial  Inquiry  into  the  Law  qf  Ikt  Vital 
Funetiont,  1817,  p.  72. 
t  Clauds  Bsrnard  :  Syt&me  Nerveux,  i.  884 
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It  is  a  consequence  of  the  wonderfol  complexity  of 
onr  organism,  in  which  each  part  plays  on  another, 
that  remote  and  unsuspected  influences  produce  im- 
portant resulta  Mental  agitation  will  suddenly  arrest 
or  increase  the  secretions ;  imperfect,  or  too  abundant, 
secretion  will  depress,  or  confuse  the  mind.  An  idea 
will  agitate  the  heart,  and  disturb  the  liver ;  a  languid 
liver  will  disturb  the  serenity  of  the  mind ;  a  worm  in 
the  intestine  will  produce  melancholy,  and  even  mad- 
nesa — So  indissolubly  is  our  mental  life  bound  up 
with  our  bodily  Ufe. 

VL  SUMMAEY  OF  THE  FUNCTIONS  OP  THE  BbAIN. — 

We  have  now  gone  over,  one  by  one,  the  cardinal  facts 
which  have  been  ascertained  respecting  the  functions 
of  the  various  parts  of  the  Brain ;  and  these  are  the 
chief  results  to  which  the  inquiiy  has  led : — 

1.  All  the  ganglionic  masses  have  one  property  in 
common,  which  is  Sensibility ;  and  they  differ  only  in 
their  functional  manifestation  of  this  property,  accord- 
ing to  their  connections  with  different  organs. 

2.  The  Cerebral  hemispheres  have  the  functions  of 
Intelligence  and  Emotion.  Probably  also  some  other 
functions. 

3.  The  Cerebellum  has  functions  which  remain  at 
present  undetermined. 

4.  The  Medulla  Oblongata  has  the  functions  of  min- 
istering to  the  respiratory  and  many  other  reflex 
actions.  The  special  senses.  Hearing  and  Taste,  have 
their  centres  in  this  organ ;  as  Sight  and  Smell  have 
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their  centres  iu  the  corpora  qnadngemina  and  olfac- 
tory lobea* 

5.  Inasmuch  as  all  these  centres  have  Sensibility, 
they  must  all  be  organs  of  the  Mind,  because  the; 
must  all  minister  to  the  general  Consciousness. 

6.  The  facts  and  arguments  which  establish  the  con- 
clusion that  the  Mind  cannot  be  localised  in  any  one 
part  of  the  Brain,  such  as  the  Cerebrum,  CerebeUnm, 
the  ganglia  at  the  base,  or  the  Medulla  Oblongata,  but 
that  each  of  these  parts  has  its  own  special  functions) 
and  contributes  its  own  special  forms  of  conscioos- 
ness,  lead  to  the  suspicion  that  other  parts  of  die 
nervous  system  may  also  contribute  other  special  forms 
of  consciousness. 

It  is  this  suspicion  we  shall  examine  minutely  in  the 
ensuing  section. 

*  There  are  grave  doubts  respecting  the  olfactory  lobes,  which  will 
be  discussed  in  the  next  chapter  (Our  Senses  and  Sbn8attoms),  bat 
for  the  present  we  may  follow  the  doctrine  of  the  schools. 
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centre  :  Views  of  earlier  writers ;  the  deductive  evidence ;  the  in- 
ductive evidence — ^Evidences  of  spontaneity  and  choice  in  decapi- 
tated animals — Two  centres  of  sensibility  established  in  one  animal — 
Are  walking  and  swimming  reflex-actions  T — Experiments  on  puppies 
and  rabbits — Examination  of  the  evidence  against  the  sensibility  of 
the  chord — What  share  has  the  Spinal  Chord  in  our  actions  ? 

I.  Structure  of  the  Spinal  Chord.— Formerly 
the  Spinal  Chord  (or  Spinal  Marrow,  as  it  is  still 
sometimes  called)  was  held  to  be  a  large  nerve-trunk 
issuing  from  the  brain,  and  giving  off  numerous 
branches  which  supplied  the  body.  Although  this 
idea  is  now  completely  abandoned,  and  the  Chord  is 
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kuown  to  be  a  great  centre,  or  series  of  oentres,  inti- 
mately connected,  as  the  seyeral  vertebrae  are  connected 
into  one  spinal  column,  yet  inen  still  ding  nnconscioosly 
to  some  of  the  old  conceptions,  and  are  disposed  to  re- 
gard the  Chord  as  a  condtu^tor,  rather  than  as  a  centre 
of  Sensibility.  It  is  this  conception  we  must  irrevo- 
cably dismiss  from  our  mind&*  If  the  Chord  seems  to 
act  sometimes  as  a  conductor  only,  it  is  merely  because 
nerve-centres  once  excited  play  upon  each  other ;  and 
in  this  sense  the  brain  is  also  a  conductor.  Every 
segment  of  the  Spinal  Chord  may  act  separately 
as  an  independent  centre ;  every  segment  is  a  little 
braiiL 

The  Chord  commences  at  that  imaginary  line  where 
the  Medulla  Oblongata  is  supposed  to  end.  It  termin- 
ates in  man  about  the  second  lumbar  vertebra ;  in 
most  animals  it  extends  along  the  whole  length  of  the 
spinal  column ;  but  there  are  great  varieties  in  this 
respect  It  is  composed  of  six  eictemai  columns  of 
white  fibrous  matter — ^namely,  two  anterior,  two  poste- 
rior, and  two  lateral ;  and  of  four  internal  columns  of 
ff^7>  ganglionic  matter,  called  respectively  the  two 
anterior,  and  the  two  posterior,  horns  {comua).  A 
minute  canal  runs  through  the  centre,  which  may  be 
regarded  as  a  prolongation  of  the  fourth  ventricle  of 
the  brain. 

*  It  Beems  to  me  that  the  reoent  experimentB  of  SOHiFr,  Brown- 
Sequabd,  and  others,  whioh-  have  excited  bo  much  diwcinwion,  and 
which  attempt  to  determine  the  conductibility  of  different  parts  of 
the  chord,  are  all  vitiated  by  this  initial  mistake. 
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I^g.  55  represente  the  anterior  and  posterior  aspects 
of  the  Chord  with  the  double  origin  of  its  nerves. 

As  we  are  not  here  called  upon  to  understand  the 
whole  anatomj  of  this  organ,  further  details  would  be 
superfluous.  The  student  will  find  ample  information 
in  the  works  named  below.* 

Fig.». 


Bpibxl  ITnvis  un>  Spikal  CBi>iui.~-(An«r  Bemud.) 
1,  Anterior  Ylew ;  J,  Poilertor  vfew.  A  li  tho  interior  root  of  tha 
UBTVAi  uid  P  tbfl  pofllnior  root.  Od«  pilr  in  each  flpin  ]■  npnKiit<d 
wtth  ths  dlTiiloD  nude  below  tlie  gimglion  (A  Ilie  otber  puin  an 
djTidod  abova  tba  ganglion.  At  c  and  d  an  nlamanta  oonnactlng  two 
poBteriornwta. 

Of  late  Tears  there  has  been  an  immense  expendi- 
ture of  labour  in  the  attempt  to  unravel  the  microsco- 
pic structure  of  the  Spinal  Chord ;  but  so  excessively 

■  Rolando  :  Hietreit  analomitAe  ndla  ((ruHiim  dd  Midelto  Spinalt. 
OhaIMqEB  :  Ohttnatiiim  on  iKi  Stmetttrt  arid  FunelUm*  (^At  Spinal 
Chord.  Todd  and  BowitAV'a  FkyiiolegicalAnaiony,  Todd:  Anal. 
^OtBrain,  Spinal  Chord,  and  Oangliotu.  Ledbkt  et  GniTIOLBI : 
Anat.  CmaparU  du  SyitiiM  Ntnaa,  tome  il.  Hirbcbfbld  and 
T.FVKTTj.B :  Ntrvolasie.    QUAIN'B  Anatomy,  edited  t^  Sbabpet  and 
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difficult  is  this  task,  that  one  may  fear  it  will  be  a 
long  wliile  before  Physiology  will  be  in  a  condition  to 
base  safe  condusions  on  the  results  ascertained.  This 
remark  is  especially  addressed  to  students,  as  a  warning 
against  their  being  nusled  by  the  confident  and  plaus- 
ible statements  and  deductions  to  be  met  with  in 
modern  works.  I  have  been  led  to  pay  great  attention 
to  this  subject ;  and  have  not  only  made  a  vast  quantity 
of  preparations  of  the  chord  of  man,  oxen,  sheep,  pigs 
(adult  and  newly  bom),  cats,  kittens,  puppies,  moles, 
rats,  lizards,  frogs,  and  fishes,  many  of  which  have  been 
prepared  according  to  the  various  methods  employed 
by  Stilling,  Eolliker,  Schrceder  van  der  Kolk,  Grati- 
olet,  and  Lockhart  Clarke,  so  as  to  test  the  various 
statements  of  these  authorities;  but  I  have  also  had  the 
advantage  of  seeing  some  of  the  best  English  and  Gei^ 
man  preparations  :  the  result  of  all  this  has  been  the 
conviction,  that  whoever  propounds  an  hypothesis  on 
the  basis  of  the  facts  hitherto  ascertained,  is  in  danger 
of  building  on  a  sandbank* 

A  transverse  section  of  the  Chord,  if  sufficiently 
thin,  and  rendered  properly  transparent  by  any  of  the 
accepted  modes  of  preparation,  presents  the  appearance 
indicated  in  Figs.  56,  57,  58. 

*  Eolliker,  in  his  last  edition,  expresaes  the  same  scepticiam. 
His  words  read  like  a  sarcasm  against  Sohrosdeb  van  der  Kolk, 
whose  confidence  is  astonishing,  and  whose  published  figures  repre- 
sent, I  venture  to  say,  what  he  imagines,  not  what  can  be  teet^ 
This  will  be  evident  to  any  one  who  adopts  the  method  prescribed 
by  SoHR(EDER ;  still  more  so,  when  we  find  that  anatomist  giving  up 
his  method  in  favour  of  Lookhart  Clarke's,  which  most  certainly 
does  not  show  what  Schrceder  represents. 
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Fig.  68. 


r  BpiMii  Chobc  IB  Man  (C*rvi™i  region). 


IE  S£CT10H  or  THE  BriHAL  CUOR 

Fig.  68. 
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These  figures  are  copied  from  Gratiolet's  Atliu.     By 
fsp.  b9.  way  of  comparisoB,  we  may 

consider  Fig.  59,  which  is 
copied  from  Kolliker,  and  re- 
presents one-half  of  a  section 
\  made  in  the  lumbar  enlarge- 
ment of  a  child's  t^ord. 
/  Having  made  ovirselves  ac- 
qaainted  with  these  aspects  of 
the  internal  stmctnre,  we  may 
look  a  little  closer  at  the 
gronps  of  large  ganglionic  cells 

-. it«  be  found  in  the  anterior 

o.  Root  of  uiiMiornMTs™t.r- horns  of  grey  matter.    Hey 

Ing  UiB  cQluDiiii  of  gungUonlc  colli  .111.1.  1 

V,  nd  ( .'  t.  centnTcSiii :  d  und  varT  Considerably  m  shape  and 

r.  Anl«rtor  sad  pwrterior  coniiui>-         "'  ,    •  1  , 

"^J  \^^°'  pMierior  oMTa  gjze.     A  ceneral  idea  may  be 

eDtertng  the  poBtorior  horn  of  grer  °  * 

"""*'■  gained  from  Fig.  60. 

fig.  80. 


TRAHBVEHSe   SEpTIOM  Or   BpihU. 


-^ 


KcBTx-CtLLS  TSOH  Stinu.  Csobd. — (Afl«  Ontlolet) 
These  ganglionic  cells  are  identical  with  those  found 
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in  the  brain ;  but  because  they  are  larger  than  the 
migority  of  those  found  in  the  posterior  horn,  they  have 
been  supposed  to  be  motor-cells,  by  a  logical  process 
not  very  admirable,  as  it  seems  to  me.  The  anterior 
roots  of  the  nerves  are,  as  yon  know,  held  to  be  motor 
only;  the  posterior  roots  sensory.  We  have  already 
seen  that  this  is  a  misconception ;  but  even  on  the  sup- 
position that  it  is  correct,  we  shall  need  some  other 
evidence  for  believing  that  the  anterior  horn  of  grey 
matter  is  Uierefore  motor.  The  notion  seems  to  me 
entirely  basdess.  Still  less  can  I  accept  the  notion  of 
Jacubowitch  that  the  largest  cells  are  motor,  those  of 
the  second  size  sensory,  and  the  smallest  sympathetic. 
What  may  be  seen,  or  imagined,  in  preparations  which 
are  imperfectly  transparent,  must  yield  to  what  is 
seen  in  preparations  made  on  a  better  method,*  and 
so  transparent- that  one  may  read  such  characters  as  in 
a  well-piinted  book.  In  such  sections  I  affirm  that  so  far 
fix)m  there  being  any  necessaiy  connection  between  large 
cells  and  the  motor  function,  there  is  no  constancy 
whatever  as  to  size.  In  the  ganglia  of  two  indubitable 
motor-nerves — ^the  spinal  accessory  and  the  hypoglos- 
sus — ^the  size  varies  greatly.  In  the  posterior  horn 
there  are  not  only  large  cellst  (less  abundant,  indeed, 

*  See  note  at  the  oonolusion  of  this  chapter. 

•f*  Bidder  and  Euppfbr  deny  the  existence  of  theee  oells  in  the 
posterior  horn.  The  same  denial  is  made  by  Owbjannikow:  Dt 
Mtdulla  tpinalitte^ura,  p.  37 ;  and  by  Mbtslbr  :  Z>«  MtduUaipinalu 
amum  Uxtura,  p.  30,  who  deolaras  that  what  have  been  mistaken  for 
nenre-oells  are  nothing  but  lacnnie  in  the  web  of  conneotiye  tissue. 
In  LooKBART  CiiARKifs  preparations,  and  in  my  own,  the  cells  are 
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than  in  the  anterior),  but  the  largest  cell  I  have  ever 
seen,  was  one  with  seven  processes  in  the  posterior  horn 
of  an  ox.  And  while  there  are  large  cells  in  the  poste- 
rior, there  are  abundance  of  small  cells  in  the  anterior 
horn.  Indeed,  the  idea  of  properties  so  widely  separ- 
ated, as  Sensibility  and  Motility,  being  dependent  on 
slight  differences  in  the  size  of  identical  ceUs,  is  emin- 
ently unphilosophical. 

But  we  must  pause  no  longer  on  this  microscopic 
structure  ;  *  we  have  ascertained  that  the  spinal  chord 
is  a  series  of  centres,  having  ganglionic  substance  in  its 
interior,  which  is  in  connection  with  the  roots  of  the 
motor  and  sensory  nerves.  In  a  word,  it  has  the 
essential  characters  of  a  series  of  ganglia ;  and  minute 
investigation  discloses  that  these  ganglia  are  essentially 
similax  to  those  of  the  Brain.     We  shall  never  under- 


unmistakable,  and  their  well-defined  nucleus  presents  any  poeaibility 
of  doubt.  From  this  one  statement  it  is  certain  that  the  preparations 
of  the  Doipat  School  must  be  yery  inferior  in  distinctness  to  oun ; 
yet  these  writers  profess  to  see,  and  they  give  drawings  of,  appear- 
ances which  can  by  no  means  be  made  out  in  our  pveparations ;  whence 
it  Ib  easy  to  conclude  that  they  describe  what  they  imagine  to  be  the 
real  structure,  not  what  can  positiyely  be  seen. 

*  The  student  is  referred  to  BiDDEB  und  Kuppter  :  UntersuAunffef^ 
Uber  die  Textur  des  RUckenmarh,  and  K^SLLtKXsCs  reply  in  the  Zeit- 
schrift  fUr  Wissenscha/tliche  Zoologie,  ix.  1  ;  also  Eolukeb  :  <7«- 
webeUkre,  3d  edit. ;  Letdig:  Histologic;  Locesart  Cluikk:  PIUIob, 
Transactiotu,  1851  and  1853 ;  Lenhossek  :  AnnaUt  da  Se,  Nat.,  1857, 
vU. ;  Leurbt  et  Gbjltiolet  :  AwU,  Comp.,  ii. ;  Sohr(EDEr  tan  deb 
KOLK :  Bau  und  I^nctwMn  der  Med.  SpituUis  wtd  Med.  ObUmgaia; 
OwsJANNiKOW:  De  Med.  spin,  Uxtura;  Mktzlkb:  De  Med,  jpM. 
avium  textura,  STiLLma's  last  work  I  have  not  seen  ;  but  it  is  said 
to  be  the  most  encycloptedic  treatise  yet  produced. 
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stand  the  functions  of  the  nervous  system  unless  we 
fix  finnly  in  our  minds  the  conception  of  the  cerebro- 
spinal axis  as  one  whole,  the  functions  of  the  various 
parts  differing  from  each  other,  only  as  they  are  differ- 
ently related  to  the  rest  of  the  organism.  Bergmann 
and  Leuckart  do  not  hesitate  to  define  the  "  brain  as 
the  anterior  enlargement  of  the  spinal  chord ; "  and  this 
definition,  they  remark,  makes  it  less  paradoxical  to 
find  the  brain  so  slightly  developed  in  the  lower  verte- 
brate animals,  and  not  existing  at  all  in  the  Amphioxus.* 
In  the  invertebrate  animals,  there  can  be  no  shadow  of 
doubt  that  the  ganglia  which  represent  the  brain  of 
higher  animals  are  absolutely,  and  in  all  respects, 
identical  with  the  other  ganglia,  which  represent  the 
spinal  chord. 

But  our  attention  is  now  demanded  by  the  important 
questions  raised  respecting  the  functions  of  the  Spinal 
Chord.  The  chief  of  these  functions  (by  most  writers 
regarded  as  the  sole  function)  is  the  production  of 
movements  in  the  trunk  and  limbs.  These  movements 
may  either  be  produced  in  obedience  to  the  mandates 
of  the  Brain — as  in  voluntary  motions ;  or  independ- 
ently of  the  Brain — as  in  involuntary  motions,  which 
take  place  by  what  is  called  the  Beflex-Action  of  the 
chord. 

II.  The  Vital  Mechanism. — ^What  is  meant  by 
Beflex-Action,  and  what  is  the  Beflex-Theory,  so  con- 

*  BEBOUA.KN  und  Leuokart  :  Vefyleiehende  Anatomii,  p.  515.    Com- 
pare also  Todd  :  Anai,  qf  Brain  and  Spinal  Ckord,  pp.  2,  77. 
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tinually  invoked  by  modem  writers  ?  Seyeral  times 
already  we  have  b^n  forced  to  use  these  terms  ;*  and 
now  we  have  reached  a  stage  in  our  inquiry  when  a 
distinct  understanding  of  them  becomes  indispensable; 
But  inasmuch  as  the  Seflex-Theory  implies  the  con- 
ception of  the  animal  organism  being  to  a  great  extent 
a  rnechanism;  and  further,  inasmuch  as  our  ordinary 
conception  of  a  mechanism  carries  with  it  the  idea  of 
actions  performed  unconsciously,  without  sensation ;  it 
is  absolutely  necessary  that  we  should  accurately  de- 
termine the  sense  in  which  we  are  to  use,*  and  under- 
stand^ such  a  phrase  as  "  the  vital  mechanism." 

The  results  of  scientific  investigation  during  many 
centuries  have  been  gradually,  and  of  late  rapidly, 
tending  to  the  conclusion  that  the  animal  organism  is 
constructed  on  principles  analogous  to  those  whidi 
determine  the  construction  of  a  mechanism.  It  acts 
like  a  mechanism  ;  and  differs  from  one,  only  in  the 
greater  complication  of  its  parts  and  its  effects.  On 
the  other  hand,  many  persons  feel  a  very  natural  re- 
pugnance to  such  a  conception.  Life  seems  to  them 
the  antithesis  to  mechanical  action  ;  the  very  notion  of 
a  mechanism  is  not  that  of  life,  but  of  a  simulacrum  of 
Ufa  Without  life,  the  organism  is  without  action. 
We  cannot  imagine  the  watch  performing  its  actions 
prompted  by  any  sensation ;  we  cannot  imagine  the 
organism  performing  its  actions  without  life.  This  is 
the  source  of  the  repugnance,  often  felt,  against  con- 
ceiving the  organism  as  a  mechanism;   but  this  re- 

*  See  the  explanation  given  at  p.  56-59. 
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pngnance  will  subside,  if  we  reflect  on  the  wonderfal 
adjustment  of  part  to  part,  in  a  complicated  whole,  and 
compare  it  with  the  somewhat  similar  adjustments  of 
a  mechanism  ;  bearing  in  mind  that  this  similarity  is 
not  sameness,  and  that  the  organism,  although  a  me- 
chanism, is  a  vitai  mechanism,  this  vitality  being  the 
source  of  profound  differences  Some  theorists  have 
overlooked  the  important  element  of  vitality ;  and  have 
indagined  that  a  vital,  sensitive  machine,  can  act  like  an 
ordinary  piece  of  mechanism,  which  is  not  sensitive ; 
but  this  error  should  not  force  us  to  give  up  a  very 
useful  analogy.  We  may  still  cling  to  the  fact  that 
the  adjustments  of  the  complex  organism  determine 
its  activities :  the  muscles  set  moving  by  a  peculiar 
stimulus,  are  as  necessarily  determined  by  their  or- 
ganic adjustments,  as  the  wheels  of  a  watch  are  set 
moving  in  a  particidar  way,  and  are  determined  in 
their  particular  action  by  the  peculiarity  of  tiieir  ad- 
justments. When  a  stimulus  to  the  respiratory  nerves 
brings  into  play  the  group  of  muscles  which  expand 
the  chest,  and  these,  in  turn,  bring  into  play  the  group 
which  contracts  the  chest — ^when  the  stimulus  of  food 
to  the  nerves  of  the  alimentary  canal  determines  the 
action  of  the  digestive  mechanism,  muscular  and  secre- 
tory— ^when  the  stimulus  of  pain  sets  going  the  actions 
of  flight,  struggle,  or  shrieking, — we  have  a  series  of 
actions  which  are  metJumical,  inasmuch  as  they 
depend  on  the  acljustment  of  parts,  like  the  adjustment 
of  cogged  wheels ;  and  are  vitai,  inasmuch  as  they 
depend  on  vitality  for  their  perfonnanca     With  thia 

VOL.  IL  M 
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qualification^  the  idea  of  a  mechamcal  constraction 
becomes  important     We  perceive  how  the  variooB 
actions  of  an  animal  are  dependent  on  the  adjustment 
of  its  organs.     Once  set  this  mechanism  going,  and  it 
can  only  act  in  the  determinate  direction  permitted  to 
its  peculiar  adjustments;  and  in  so  far  it  acts  like 
a  watch,  or  a  steam-engine.    The  organism  of  the 
chick  is  so  adjusted  that  it  can  peck  up  the  grains ; 
and  it  does  so  immediately  the  stimulus  giyen  to  its 
sensational  centre,  through  the  optic  apparatus,  sets 
going  the  first  of  the  necessary  movementa      It  wiU 
do  this  as  soon  as  it  leaves  the  shell,  or  even  before  it 
leaves  the  shell    In  like  manner  the  Snapping  Turde, 
according  to  AgassLe,  snaps  as  fiercely  when  it  is  still 
a  colourless  and  undeveloped  embryo,  wrapped  up  in 
the  foetal  membranes,  as  it  does  in  after-life.     This 
surprises  us  at  first,  because  we  are  accustomed  to 
attribute  such  actions  to  "a  conscious  and  voluntary  " 
efibrt     On  getting  over  our  surprise,  and  learning  to 
r^ard  these  actions  not  as  prompted  by  any  distinct 
ideas,  but  simply  as  the  results  of  an  organism  pecu- 
liarly constructed  to  act  in  this  way — what  we  have  to 
guard  against  is  the  error  of  those  who,  fixing  their 
attention  on  the  medtamcai  adjustment,  overlook  the 
fact  of  the  sensattanal  guidance.    It  is  true  diat  the 
animal  mechanism,  when  set  going,  acts  like  the  me- 
chanism of  a  watch  ;  but  to  set  it  going,  and  to  heq^  it 
going,  there  is  needed  the  constant  presence  of  sensa- 
tion.    This  has  been  frequently  forgotten,  and  even 
denied.    The  mechamsm  has  been  credited  with  the 
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whole  phenomenon.  That  sensation  is  a  necessaiy  part 
of  the  mechanism — ^the  mainspring  of  the  watch — ^the 
fuel  of  the  steam-engine — seems,  singularly  enough,  to 
have  been  overlooked  The  marvellous  way  in  which 
the  sensational  element  is  bound  up  with  the  mechani- 
cal element,  so  that  our  very  sensations  may  be  said  to 
be  organised  in  us,  is  illustrated  in  a  thousand  eicamples 
of  what  are  called  "automatic  actions."  A  piece  of 
music  with  which  we  are  familiar  may  be  performed 
"  mechanically,''  without  any  "  eflfort "  or  "  attention ;  * 
indeed,  while  we  are  talking  to  some  one,  or  think- 
ing of  something  else.  This  we  are  said  to  do  "  un- 
consciously ; "  and  if  Consciousness  be  restricted  to 
Thought-Consciousness,  there  is,  no  objection  to  calling 
these  automatic  actions  unconscious  ;  but  there  is  every 
objection  to  calling  them  actions  independent  ot  sensa- 
tion. The  sensations  excited  by  each  note,  and  determin- 
ing each  movement  of  the  muscles,  are  indispensable 
to  the  performance  of  music  ;  the  presence  of  guiding 
sensoHoTM  suffices ;  but  without  this  presence,  the  action 
is  impossible.  Although  the  mechanism  of  the  fowl, 
whose  cerebrum  has  been  removed,  is  uninjured  except 
as  regards  one  of  its  sensational  centres,  this  mechanism 
will  not  suffice  to  keep  the  bird  from  starvation  amidst 
heaps  of  grain ;  because  to  set  going  the  necessary  train 
of  actions  which  would  result  in  pecking,  there  is 
needed  the  stimulus  from  the  cerebral  centre.  If  the 
grains  be  placed  within  the  beak  of  this  bird,  they  will 
not  be  swallowed,  unless  they  roll  near  the  sensitive 
part  of  the  throat,  and  then,  the  stimulus  of  the  sensa^ 
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tion  being  given,  the  swallowing  actions  are  set  going, 
and  on  these  follow  the  digestive  action&  The  theorists 
whom  I  have  chiefly  in  view  at  present,  deny  that 
swallowing  depends  npon  sensation — they  call  it  simple 
reflex-action ;  an  opinion  which  we  shaU  presently 
examina  Enough,  in  this  place,  if  we  have  made  dear 
to  ourselves  the  following  positions  : — 

An  organism  is  a  mechanism,  and  acts  mechanically, 
inasmuch  as  its  actions  are  necessa/rily  determined  hy 
the  adjustmevi  of  its  organs.  But  the  organism  differs 
from  the  mechanism  in  being  vital,  in  having  Sensibility 
as  its  mainspring ;  and  its  actions,  which  are  called 
mechanical  or  automatic,  are  all  determined  hy  the 
impulse  of  guiding  sensations.  It  farther  differs  from 
a  mechanism  in  its  development  of  new  adjustments 
and  new  capabilities.  No  machine  has  any  self- 
devebpment  What  its  parts  could  perform  last  week, 
they  perform  this  week,  and  no  more.  But  the  organism 
develops.  New  adjustments  are  formed,  so  that  a 
combination  of  actions,  which  to-day  is  impossible,  will 
become  easy,  perhaps,  at  the  end  of  a  montL  I  do 
not,  however,  conceive  it  to  be  rational  to  suppose  that 
a  group  of  muscles  which  originally  required  the 
stimulus  of  a  nerve-centre,  as  a  guiding  sensation,  to 
move  them,  wUl  at  any  time  move  without  that 
stimulus;  although  it  is  very  conceivable  that  the 
secondary  sensations  which  the  movements,  when  they 
were  difficult,  necessarily  excited,  should  frequently  be 
absent,  now  the  movements  are  so  easy  that  they  daim 
no  attention.     I  can  conceive  the  possibility  of  having 
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a  sensation  without  thinking  of  it,  and  I  can  conceive 
automatic  actions  to  be  determined  by  guiding  sensa- 
tions, although  the  mind  may  not  be  "  conscious  "  of 
them. 

III.  The  Theory  of  Reflex-Action. — ^The  mus- 
cular movements  have  from  time  immemorial  been 
grouped  under  two  heads  :  the  voluntary,  and  involun- 
tary. We  shall  have  to  consider  the  nature  of  this 
distinction  presently,  but  must  now  inquire  into  that 
principle  of  Eeflex- Action  which,  I  conceive,  underlies 
all  the  nervous  phenomena,  but  which  Marshall  Hall 
conceived  was  characteristic  of  only  a  particular  class. 
There  were,  he  thought,  four  distinct  classes:  the 
voluntary,  dependent  on  the  brain ;  the  involv/ntary, 
dependent  on  the  irritability  of  the  muscular  fibre  ;  the 
respiratory,  wherein  "  the  motive  influence  passes  in  a 
direct  line  from  one  point  of  the  nervous  system  to 
certain  muscles ;  '*  and  the  reflex,  dependent  on  the 
"true  spinal  system"  of  inddent-excitor  nerves,  ajid 
of  reflex-motor  nerves.  These  last-named  actions  are 
produced  when  an  impression  on  the  sensitive  surface 
is  conveyed,  by  an  excitor-nerve,  to  the  spinal  chord, 
and  is  there  reflected  back  on  the  muscles  by  a  corre- 
sponding motor-nerve.  In  this  process  no  sensation 
whatever  occurs.  The  action  is  purely  reflex,  purely  ex- 
cito-motor — like  the  action  of  an  ordinary  mechanism.* 

*  Marshall  Hall  in  PhUoi.  Trans.,  1838.  Lectures  on  the  Nervous 
System  and  its  Diseases,  1836.  New  Memoir  on  the  Nervous  System, 
1848. 
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MiiUer,  who  shares  with  Marshall  Hall  the  glory 
of  having  established  this  classification,  thinks  that 
although  the  absence  of  sensation  is  a  characteristic 
of  the  reflex-actions,  these  actions  may  be,  and  are  at 
times,  accompanied  by  sensation.  "  The  view  I  take 
of  the  matter  is  the  following :  Irritation  of  sensitiYe 
fibres  of  a  spinal  nerve  excites  primarily  a  centripetal 
action  of  the  nervous  principle,  conveying  the  im- 
pression to  the  spinal  chord ;  if  the  centripetal  action 
can  then  be  continued  to  the  sensoriwm  commune,  a 
true  sensation  is  the  result ;  if,  on  account  of  division 
of  the  chord,  it  cannotbe  communicated  to  the  sensorium, 
it  still  exerts  its  whole  influence  upon  the  chord ;  in 
both  cases  a  reflex  motor-action  may  be  the  result."  * 

This  is,  in  brief,  the  Reflex  Theory,  which  Marshall 
Hall  and  Miiller  have  succeeded  in  making  an  Euro- 
pean doctrine.  There  has  been  much  discussion,  often 
exploding  on  both  sides  into  anger  and  injustice,  re- 
specting Marshall  Hall's  claims  to  originality.  He 
has  been  accused  of  plagiarism  from  Prochaska ;  but 
I  think  that  whoever  attentively  traces  the  history  of 
the  doctrine,  will  find  that  although  Prochaska  un- 
doubtedly described  the  reflex-actions,  and  called  them 
reflex,  long  prior  to  Marshall  Hall — and,  as  it  seems 
to  me,  conceived  the  whole  phenomenon  with  far 
greater  accuracy  than  was  ever  attained  either  by 
Marshall  Hall  or  by  Midler — yet  it  is  very  probable 
that  Marshall  Hall  was  unacquainted  with  his  prede- 
cessor, who  had  long  been  dead,  and  whose  theory  had 

*  Mulleb:  Physiology,  i.  721. 
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excited  no  attention  ;  and  it  is  certain  that  the  theory 
propounded  by  Marshall  Hall  was  not  that  propounded 
by  Frochaska,  but  differed  in  essential  points  from  it 
This,  however,  is  what  neither  Hall  nor  his  adversaries 
seem  to  have  known.  So  entirely  had  Prochaska's 
theory  escaped  attention,  that  even  Miiller,  in  announcf 
ing  Hall's  theory,  and  giving  him  the  credit  of  priority 
over  his  own  nearly  contemporaneous  discovery,  never 
once  alludes  to  Prochaska ;  and  Arnold,  in  the  histo- 
rical sketch  in  which  he  enumerates  those  who  before 
Hall  had  knowledge  of  the  facts  of  reflex-action,  is 
evidently  unaware  of  Prochaska's  claims.*  When, 
therefore.  Hall  and  Miiller  took  up  this  subject,  it  was 
new  to  the  scientific  world ;  they  succeeded  in  making 
the  world  accept  their  theory. 

The  one  fundamental  point  in  this  theory  which 
seems  to  me  wholly  inadmissible,  is  the  supposition 
that  the  reflex-mechanism  is  independent  of  Sensibility 
— that  reflex -actions  take  place  mihotU  sensation. 
And^  unless  I  have  wholly  misunderstood  Prochaska^s 
general  views,  this  is  the  point  which  he  also  would 
have  considered  erroneous.  The  reader  may  be  glad 
to  have  Prochaska's  exposition  of  the  reflex-action& 
We  must  premise  that  he  always  means  to  indicate  the 
whole  of  the  Spinal  Chord,  Medulla  Oblongata,  Optic 
Thalami,  and  the  crura  GerebeUi  et  Cerebri,  when  he 
speaks  of  the  sensorium  commv/ne :  "  The  reflexion  of 
sensorial  into  motor  impressions  which  takes  place  in 
the  sensorium  commune,  is  not  performed  according  to 

*  J.  W.  Aritold  :  Die  Lekre  von  der  IMUx  FwHction,  1842. 
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meie  physical  laws,  where  the  angle  of  reflexion  is 
equal  to  the  angle  of  incidence,  and  where  the  re- 
action is  equal  to  the  action ;  but  that  reflexion  follows 
according  to  certain  laws,  writ,  as  it  were,  by  Nature 
on  the  medullary  pulp  of  the  sensorium,  which  laws 
we  are  able  to  know  from  their  effects  only,  and  in 
nowise  to  find  out  by  our  reason.  The  general  law, 
however,  by  which  the  sensorium  commune  reflects 
sensorial  into  motor  impressions,  is  the  preservation 
of  the  individual ;  so  that  certain  motor  impressions 
follow  certain  external  impressions  calculated  to  injure 
our  body,  and  give  rise  to  movements  having  this 
object,  namely,  that  the  annoying  cause  be  averted  and 
removed  from  our  body ;  and  vice  versd  internal,  or 
motor  impressions  follow  external  or  sensorial  impres- 
sions beneficial  to  us,  giving  rise  to  motions  tending 
to  the  end  that  the  agreeable  condition  shall  be  main- 
tained. 

"Very  many  instances  which  might  be  adduced, 
undoubtedly  prove  this  general  law  of  the  reflexions 
of  the  sensorium  conmiune,  of  which  it  may  be  suffi- 
cient to  mention  a  few.  Irritation  being  made  on 
the  internal  membrane  of  the  nostrils  excites  sneezing, 
because  the  impression  made  on  the  olfactory  nerves 
by  the  irritation  is  conducted  along  them  to  the  sen- 
sorium commune,  there  by  a  definite  law  is  reflected 
upon  motor  nerves  going  to  muscles  employed  in 
respiration,  and  through  these  produces  a  strong  ex- 
piration through  the  nostrils,  whereby  the  air  passing 
with  force  the  cause  of  irritation,  is  removed  and 
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rejected  In  like  manner  it  happens  that  when  irrita- 
tion is  caused  in  the  windpipe  by  the  descent  of  a  par- 
ticle of  food  or  a  drop  of  fluid,  the  irritation  excited 
is  conducted  to  the  sensorium  commune,  and  there 
reflected  on  the  nerves  devoted  to  the  movement  of 
respiration,  so  that  a  violent  cough  is  excited ;  a  most 
suitable  means  for  expelling  the  cause  of  the  irritation, 
which  does  not  cease  till  the  irritant  be  ejected.  If  a 
friend  brings  his  finger  near  to  our  eye,  although  we 
may  be  persuaded  that  no  injury  is  about  to  be  done 
to  us,  nevertheless  the  impression  carried  along  the 
optic  nerve  to  the  sensorium  commune,  is  there  so  re- 
flected upon  the  nerves  devoted  to  the  motion  of  the 
eyeUds,  that  the  eyeUds  are  involuntarily  closed,  and 
prevent  the  offensive  contact  of  the  finger  with  the  eye. 
These,  and  innumerable  other  examples  which  might 
be  brought  forward,  manifestly  show  how  much  the 
reflexion  of  sensorial  impressions  into  motorial,  efiected 
through  the  sensorium  commune,  has  reference  to 
maintaining  the  conservation  of  the  body. 

"  Since  the  prindpai  function  of  the  sensorium  com- 
mune thus  consists  in  the  reflexion  of  sensorial  im- 
pressions into  motor,  it  is  to  be  noted  that  this  re- 
flexion may  take  place  either  with  consciousness  or 
without  consciousness." 

We  must  interrupt  the  quotation  here,  to  remark, 
that  when  Prochaska  says  reflexes  may  take  place 
with  or  without  consciousness, — or,  to  use  his  own 
phrase,  vel  cmimd  inscid,  vd  verb  animd  conscid — he 
means  "  with,  or  without,  2%ot(;^A^onsciousness,"  and 
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not^  as  SO  often  misinterpFeted,  "  with,  or  without, 
sation."    This  distinctLon  entirely  accords  with  the  view 
I  hold,  but  is  different  from  that  generally  held. 

''  The  movements  of  the  heart,  stomach,  and  intes- 
tines," he  continues,  "are  certainly  in  nowise  depend- 
ent on  the  consciousness  of  the  soul,  for  whilst  no 
muscular  movement  can  be  excited  unless  a  stimulus 
applied  to  the  sensorial  nerves  passes  by  a  peculiar  re- 
flexion to  the  motor  nerves,  and  excites  contractions 
of  the  muscle,  it  is  at  the  same  time  certain  that  the 
reflexion  of  the  impressions  suitable  for  exciting  those 
movements,  if  it  takes  place  in  the  sensorium  com- 
mune, is  affected  without  consciousness  [Thought-con- 
sciousness]. But  it  13  a  question  whether  these  impres- 
sions, in  order  that  they  may  be  reflected,  do  really 
travel  so  fiEur  as  the  sensorium  commune,  or,  without 
taking  this  long  circuit,  are  reflected  nearer  in  die 
gangUa  from  whence  these  parts  derive  many  nerves  ? 
This  matter  is  to  be  considered  afterwards.  But  that 
*  reflexions  of  sensorial  impressions  into  motor  are 
effected  in  the  sensorium  commune  itself,  while  the 
mind  is  altogether  unconscious,  is  shown  by  certain 
acts  remaining  in  apoplectics  deprived  entirely  of  con- 
sciousness ;  for  they  have  a  very  strong  pulse,  breathe 
strongly,  and  also  raise  the  hand,  and  very  often  apply  it 
unconsciously  to  the  part  affected.  The^sensorium  com- 
mune also  acts  independently  of  consciousness  in  pro- 
ducing the  convulsive  movements  of  epileptics,  and  also 
those  which  are  sometimes  observed  in  persons  buried 
in  profound  sleep,  namely,  the  retractions  of  pricked  or 
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irritated  limbs,  to  say  nothing  of  the  motion  of  the 
heart  and  the  respiratory  acts.  To  this  category  also 
belong  all  those  motions  which  remain  some  time  in 
the  body  of  a  decapitated  man,  or  other  animal,  and 
are  excited  when  the  trunk,  and  particularly  the 
medulla  spinalis,  are  irritated,  which  motions  certainly 
take  place  without  consciousness,  and  are  regulated  by 
the  remaining  portion  of  the  sensorium  commune 
existing  in  the  medulla  spinalis."* 

It  is  clear,  &om  this  passage,  that  Prochaska,  in 
explaining  the  actions  which  take  place  "  without  con- 
sciousness," did  not  mean  that  they  took  place  without 
sensation  ;  he  meant  that  they  were  neither  determined 
by,  nor  followed  by,  thought.  He  uses  the  word  Con- 
sciousness as  equivalent  to  Thinking ;  and  this  is  a 
very  general  use  of  the  term,  nowadays,  as  we  find  in 
writers  who  declare  that  we  cannot  have  sensations 
imless  we  know  that  we  have  them.  In  strict  physio- 
logical language,  this  is  tantamount  to  saying  that  we 
cannot  have  spinal  Sensibility  unless  we  have  at  the 
same  time  cerebral  Sensibility — that  the  spinal  chord 
cannot  act  independently  of  the  Brain  ;  whereas  we 
know  that  it  can,  and  does,  act  independently  of  the 
Brain ;  and  it  is  to  distinguish  such  actions  that  the 
term  "  reflex  "  has  been  invented.  To  suppose,  as  is 
commonly  supposed,  that  the  cerebrum  endows  the 
spinal  chord  with  sensibility — that  an  impression  only 

*  Unzeb  and  Prochaska  On  the  Nerwrnt  System.  Translated  by 
Dr  Latoock,  p.  4S0-2.  The  original  may  be  aeen  in  ProohaSKA  : 
Opera  MinorOf  pars  IL,  cap.  2. 
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becomes  a  sensation  when  it  reaches  the  Brain — ^is  to 
suppose  what  the  whole  course  of  modem  investigation 
tends  to  refute,  namely,  that  the  spinal  chord  is  simply 
a  conductor,  and  not  itself  a  centre  ;  and  it  is  also  to 
suppose  that  the  Brain  is  essentially  different  firom  the 
Chord.  Prochaska  seems  to  have  understood  that  the 
ei^nsorium  must  first  be  called  into  activity  before  a 
motion  can  be  produced  ;  the  sensations  excited  in  this 
sensorium  are  quite  independent  of  any  thought  which 
they  may,  or  may  not,  excite  in  the  Brain. 

It  is  here  that  Marshall  Hall  diverges  from  Pro- 
chaska, and,  as  I  think,  it  is  here  his  error  beginsL 
Tet,  in  common  with  his  antagonists,  he  imagined 
Prochaska  held  reflex-action  to  be  wholly  divorced  from 
sensation.  His  distinguished  ally,  Mr  Grainger,  whose 
work*  is  far  more  philosophical  than  anything  Marshall 
Hall  ever  wrote,  also  insists  on  this  absence  of  sensa- 
tion as  the  distinguishing  peculiarity  of  reflex-action. 

Mr  Grainger  seems  fully  impressed  with  the  philo- 
sophical canon  to  which  we  have  constantly  referred, 
that  similarity  of  structure  necessarily  implies  similar- 
ity of  properties ;  but  instead  of  concluding  that  the 
brain  and  spinal  chord,  being  similar  in  structure,  must 
have  sensibility  in  common,  he  assumes  a  diversity  of 
structure  to  correspond  with  an  assumed  diversity  of 
function.  The  Reflex-Theory,  he  truly  remarks,  wants 
an  anatomical  basis :  ''unless  a  set  of  nerves  distinct 
from  those  of  sensation  and  volition  be  capable  of 

*  Graikqer  :  Obtervaiioju  on  the  Stru4iure  and  FuncHoni  qf  tkt  Spinal 
Cfwrd,  1887. 
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demonstration,  it  is  impossible  to  establish  the  correct- 
ness  of  what,  mthout  such  evidence,  is  merely  an 
hypothesis."  Accordingly  he  set  himself  the  delicate 
task  of  demonstrating  this  distinct  class  of  nerves. 
Sharing  the  prejudices  of  that  day  against  the  use  of 
the  microscope,  and  refusing  to  use  a  lens  for  fear  of 
deception,  his  task  became  impossible.  In  the  twenty 
years  which  have  since  elapsed,  men  have  learnt  to  use 
the  microscope  with  more  security,  and  in  the  last  ten 
years  they  have  learnt  how  to  make  preparations, 
which,  if  they  have  not  taught  us  the  whole  structure 
of  the  spinal  chord,  must  in  the  course  of  time  lead  to 
accurate  knowledga  Anatomists  have  long  rejected 
the  supposed  system  of  ezcito-motoiy  fibres. 

[While  these  sheets  are  passing  through  the  press, 
I  find  Schroeder  van  der  Kolk,  whose  statements,  as  I 

• 

have  before  hinted,  are  to  be  received  with  extreme 
caution,  describes  a  system  of  reflex-fibres,  with  a  con- 
fidence rather  surprising  when  we  scrutinise  his  evi- 
dence. He  maintains  that  each  posterior  root,  on 
entering  the  white  columns  of  the  chord,  divides  into 
two  bundles ;  the  one  bundle,  containing  purely  sensory- 
fibres,  runs  straight  up  to  the  brain ;  the  other  bundle, 
containing  purely  reflex-fibres,  runs  into  the  grey  matter 
of  the  chord,  where  the  fibres  terminate  in  the  gan- 
glionic cells.  It  is,  he  says,  because  the  posterior  root 
contains  these  two  kinds  of  fibres,  that  it  is  larger  than 
the  corresponding  anterior  root  On  this  I  have  to 
remark,  first,  that  the  facts  on  which  this  hypothesis  is 
based  are  excessively  questionable ;  secondly,  that  the 
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supposed  confirmation  drawn  from  the  langer  »«,  of 
the  posterior  root  is  worthless,  inasmuch  as  the  fiict  is 
only  tme  with  regard  to  some  animals— in  the  frog, 
for  instance,  the  posterior  root  is  smaller  than  tiie  an- 
terior ;  and  finally,  that  if  the  anatomical  fiicts  were  as 
he  states  them,  his  conclusion  would  not  be  less  rash 
and  hypothetical  For  let  us  grant  that  one  fibre 
enters  the  grey  substance  of  the  chord,  and  there 
terminates  in  a  gangUonic  cell,  wher&s  another  fibre 
runs  up  to  the  Medulla  Oblongata,  and  there  tennin- 
ates  in  a  ganglionic  cell  (which  is  the  real  statement 
of  his  position,  stripped  of  equivocal  language),  what 
difference,  of  an  essential  kind,  is  here  established,  such 
as  could  justify  the  distinction  of  sensoiy  and  reflex 
fibres?] 

The  anatomical  basis  for  the  Reflex-Theory  is  still 
to  seek.  Indeed,  were  a  distinct  set  of  nerves  to  be 
discovered,  they  must  be  in  connection  with  nerve- 
centres  ;  and  inasmuch  as  the  reaction  of  a  nerve- 
centre  is  SensibUity— ina^uch  as  aU  nerve-centres 
must  have  the  same  property,  in  spite  of  any  difference 
in  their  fwnctions, — ^it  is  dear  that  the  reflex-fibres 
would  excite  Sensibility,  if  they  excited  the  centre.* 

*  A  friendly  critic  objecta:  "How,  in  this  case,  do  you  explain 
one  nexre-centre  appreciating  only  sound,  and  another  light,  and  an* 
other  flavour  ?  Rigorously  intorpreted,  yoxir  podtion  would  involve 
that  all  sensations  are  the  same."  By  no  means ;  my  position  is,  ^lat 
all  sensations  are  forms  of  Sensibility,  and  their  differences  result  from 
variations  in  the  nature  or  degree  of  the  stimulus.  The  same  akiS' 
nerve  yields  to  different  stimuli  the  very  different  sensations  of  touch, 
warmth,  cold,  tickling,  pressure,  pain,  &0a  The  subject  will  be 
treated  more  fully  in  the  next  chapter. 
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Let  US,  however,  see  what  physiological  observations 
can  be  adduced  in  favour  of  the  reflex-theory. 

"  We  have  lastly  to  inquire,"  says  Miiller,  "  how  far 
true  sensation  is  engaged  in  the  production  of  reflex 
motions.  Volkmann  inclines  to  the  opinion  of  Whytt, 
that  the  motions  consequent  on  impressions  are  the 
result  of  sensations  conveyed  to  the  sensorium,  giving 
rise  to  spontaneous  reactions.  That  this  is  in  many 
instances  the  case,  appears  to  me  indubitable,  particu- 
larly with  those  reflex  phenomena  which  occur  in  an 
unimpaired  state  of  the  brain  and  spinal  chord.  Thus 
I  regard,  for  example,  the  closure  of  the  eyes  under  the 
stimulus  of  a  strong  light,  and  the  action  of  the  respira- 
tory muscles  induced  by  irritation  of  the  mucous  mem- 
branes of  the  respiratory  organs,  or  intestinal  canal'' 
Note  this  admission,  and  then  consider  the  counter- 
argument he  brings  forward :  "  But  when  we  remem- 
ber that,  if  we  divide  the  trank  of  a  salamander  into 
several  portions,  each  part,  if  it  contain  a  fragment  of 
the  spinal  chord,  wiU  still  evidence  the  reflex  motions, 
we  can  scarcely  maintain  the  applicability  of  this  view 
to  all  cases.''  * 

Here  the  question  naturally  rises  :  Why  can  we  not 
suppose  the  segments  of  the  chord  to  be  sensitive,  and 
its  actions  to  be  determined  by  sensations,  as  well 
when  the  brain  is  absent,  as  when  the  brain  is  pre- 
sent? The  only  obstacle  is  in  the  prejudice  respecting 
the  brain  being  the  sole  seat  of  sensation  (compare 
page  84).    But  look  at  the  facta    We  etherise  a  frog, 

*  MtrtLXB,  720. 


176  THE  MIND  AND  THE  BBAIN. 

and  cut  off  its  head ;  after  which  we  divide  its  spinal 
chord,  in  the  region  of  the  back.  We  have  then  two 
segments  of  a  headless  animal  When  the  effect  of  the 
ether  has  disappeared,  we  pinch,  or  prick,  the  fore-l^ 
and  it  is  at  once  withdrawn ;  we  do  the  same  to  the 
hind-leg,  and  it  is  withdrawn;  we  irritate  the  pos- 
teriors, and  the  hind-legs  vehemently  push  the  instru- 
ment away.  Another  frog,  also  decapitated,  hops  away 
when  thus  irritated;  but  this  one,  with  the  divided 
chord,  cannot  hop.  All  these  actions  of  the  decapi> 
tated  animal  are,  we  are  told,  purely  reflex,  totally 
without  sensation ;  ''  because  sensation  is  only  possible 
when  the  brain  is  present/'  In  the  uninjured  frog 
these  actions  result  from  sensations,  iSecause  the  im- 
pressions on  the  skin  are  conducted  to  the  brain. 
All  this  seems  clear  enough  until  we  extend  our  obser- 
vations. Let  us  decapitate  a  frog,  and  see  whether  the 
head,  separated  from  the  body,  wiU  not  exhibit  the 
same  signs  of  Sensibility  which  are  exhibited  by  the 
body  separated  from  the  head.  We  touch  the  eye,  and 
the  eyeUd  closes ;  we  throw  a  strong  light  on  the  eye, 
and  the  pupil  contracts  and  the  lid  closes ;  we  touch 
the  tongue,  or  the  inside  of  the  mouth,  and  the  laiynx 
makes  a  motion  of  swallowing.  All  these  are  pre- 
cisely similar  to  what  occurs  in  the  uninjured  frog;  and 
are  clearly  allied  to  the  actions  of  the  headless  trunk ; 
yet  Physiologists  would  have  us  believe  that  Ihese 
actions,  both  of  head  and  trunk,  which  indicate  sen- 
sation when  the  animal  is  entire,  do  not  indicate  sensa- 
tion when  the  head  is  separated  frt)m  the  body ;  they 
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would  have  ns  believe  that  the  motions  of  the  eyelid, 
pnpU,  and  larynx,  in  the  separated  head,  are  purely 
I'eflex,  wholly  destitute  of  sensation.  I  confess  this 
seems  to  me  very  arbitrary.  The  headless  trunk  is 
first  said  to  be  incapable  of  sensation,  because  the  brain 
cannot  be  reached ;  and  then  the  head  itself  is  said  to 
be  incapable  of  sensation,  although  impressions  on 
it  do  reach  the  brain.  Does,  then,  sensation  depend  on 
the  union  of  the  spinal  chord  with  the  brain  ? 

But  however  arbitrary  it  may  seem  to  deny  sensation 
to  the  separated  head,  and  to  consider  its  actions  as 
purely  reflex,  there  is  absolute  necessity  for  such  a  posi- 
tion, if  the  Beflex-Theoiy  is  to  be  upheld ;  because^  if  we 
grant  sensation  to  the  separated  head,  when  we  see  it 
responding  in  the  usual  manner  to  stimuli,  we  can 
have  no  grounds  for  denying  sensation  to  the  separated 
*bodt/,  when  we  see  it  responding  in  the  usual  manner 
to  stimuli 

In  the  numerous  experiments  I  have  made  with  a 
view  to  a  right  understanding  of  this  subject,  those  on 
insects  have  furnished  decisive  examplea  When  a 
wasp  is  cut  in  two,  both  halves  live,  and  manifest  Sen- 
sibility (if  we  assume  that  a  wasp  ever  manifests  it, 
and  is  not  a  mere  machine)  during  three  or  four  days. 
If  you  irritate  one  half— the  head — ^it  will  bite  ;  if  you 
irritate  the  other  half— the  tail — ^it  will  sting.  Take 
a  beetle,  such  as  the  large  water-beetle,  Dytiscus  mar- 
ginalis,  and  remove  its  head  Here  is  one,  which 
was  decapitated  eleven  hours  ago.  At  first  the  head 
twittered  its  antennsD,  and  moved  its  mandibles,  just 

VOL.  u.  o 
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as  it  had  done  before  deca|ntation :  this  wu  evideooe 
(rf  spontaneous  action.  It  ftlso  beqnoitly  moved  the 
larynx.  Sometimes  it  spoo  lotmd  cm  the  table  by 
means  of  its  long  antennte.  When  quiet,  if  I  toacbed 
it,  these  motions  were  resomed.  It  sdxed  any  object 
with  its  mandibles,  and  bit  fiercely.  Aboot  ten  boon 
ago  all  spontaneons  acticn  ceased ;  but  any  initadon 
prodoced  the  reactions  of  smsbilily.  All  this  while 
the  headUta  trunk  was  swimming  nq»idly,  and,  if  iiri- 
tated,  behaved  |Hvdsely  as  the  tnmk  of  an  uninjnrtd 
insect  behaves. 

Once  more,  I  ask.  How  can  we  refiise  this  evidence  of 
semsibili^,  unless  we  boldly  deny  that  the  insect  has 
sensibility  at  all  f     If  we  accord   sensibility  to   the 
entire  beetle,  we  must  accord  it  to  the  separated  head ; 
Fi^.  ei.  «nd  if  to  the  separated  head,  tlwn, 

on  the  same  groonds,  to  the  ae-  * 
paiated  body.  Cast  a  ^auca  at 
the  nervous  syst«m  of  the  beetle, 
and  yon  observe  that  the  ganglia 
in  the  head  are  similar  to  those  in 
the  trunk,  and  are  only  tmited 
with  them  1^  two  threads  of 
nerve-fibres.  Is  it  rational  to  sup- 
pose that  the  mere  fact  of  onion 
NiHvors  snTED  or  oiMiH  of  gnch  threads  can  endow  actions 

BcETLt— fAIur   Milne-Eil- 

"'^'  with   sensation,  when  we  know 

that  the  actions  themselves  are  the  same  whether  tbe 
union  exist  or  not ;  and  the  only  diffeieuce  created  hy  a 
division  is,  that  the  actions  of  tbe  fore-part  are   no 
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longer  coBsentaneous  with  the  actions  of  the  hind-part  ? 
The  nervous  communication  enables  the  two  parts  of  the 
insect  to  cut  together  ;  it  does  not^  and  it  cannot,  give 
sensation  where  no  Sensibility  existed.  According  to 
the  view  I  take,  Sensibility  is  the  property  of  every 
ganglion,  just  as  OontractUity  is  the  property  of  eveiy 
mnscla  And  carrying  this  idea  with  us,  we  shall  find 
experimental  evidence  in  abimdance ;  for,  suppose  we 
cut  off  one  segment  of  an  animal's  body,  the  loss  of 
this  segment  will  not  entail  a  loss  of  sensibility  in  the 
rest  of  the  body ;  a  dog,  or  a  lizard,  may  lose  its  tail 
without  losing  its  susceptibility  to  impressiona  Let 
us  now  remove  another  segment.  The  insect  continues 
to  fly,  walk,  bite,  &c.,  as  before.  From  this  sensitive, 
though  truncated,  insect,  we  continue  to  remove  seg- 
ment after  segment,  till  we  reach  the  last  segment,  or 
head.  In  the  course  of  these  operations  we  find  the 
insect  more  and  more  crippled,  but  at  no  point  ceasing 
to  manifest  sensibility:  the  head  gives  unequivocal 
signs,  just  as  the  whole  body,  minus  one  segment, 
gave  unequivocal  signs.  There  is  but  this  alternative : 
either  we  must  deny  that  the  insect  at  any  time  has 
sensibility ;  or  we  must  assert  that  only  in  the  ganglia 
of  the  head  does  sensibility  reside.  The  first  of  these 
positions  would  render  Physiology  silent  altogether, 
and  indeed  would  render  it  impossible  for  us  to  draw 
any  conclusions  respecting  man ;  since  it  is  only  by  the 
similarity  of  their  actions  with  our  own  that  we  can 
conclude  men  to  have  feelings  similar  to  our  own :  each 
man  can  only  have  direct  knowledge  of  his  own  con- 
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sciousness.  The  second  position  of  the  alternative, 
which  makes  Sensibility  the  exclusive  property  of  the 
cephalic  ganglia,  is  an  assumption  contradicted  on  the 
one  hand  by  the  anatomical  identity  of  all  ganglia^ 
and  on  the  other  hand  by  the  physiological  identity  of 
the  actions  of  head  and  trunk,  when  separated. 

That  I  am  not  doing  the  upholders  of  the  Beflex-Theoiy 
any  injustice  in  asserting  that  they  call  the  actions  of 
the  separated  head  purely  reflex,  without  sensation, 
will  be  apparent  from  the  following  passage  from 
Marshall  Hall's  Memoir : — He  decapitated  a  turtla 
"  The  head  being  placed  upon  the  table  for  observation, 
it  was  first  remarked  that  the  mouth  opened  and  shut, 
and  that  the  submaxillary  integuments  descended  and 
ascended  alternately  from  time  to  time,  replacing  the 
acts  of  respiratioa  I  now  touched  the  eye  or  eyelid 
with  a  proba  It  was  immediately  dosed :  the  other 
eye  closed  simultaneously.  I  then  touched  the  noetril 
with  the  probe.  The  mouth  was  immediately  opened 
widely,  and  the  submaxillary  membranes  descended 
This  effect  was  especially  induced  on  touching  the 
nasal  fringes  situated  just  within  the  anterior  part  of 
the  maxilla  Having  made  these  observations,  I  gently 
withdrew  the  medulla  and  brain.  All  the  phenomena 
ceased  from  that  moment  The  next  observations 
were  made  upon  the  other  parts  of  the  animal  The 
limbs,  the  tail,  were  stimulated  by  a  pointed  instru- 
ment or  a  lighted  taper.  They  were  immediately 
moved  with  rapidity.  The  sphincter  was  perfectly 
circular  and  closed :  it  was  contracted  still  more  fore- 
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ibly  on  the  application  of  a  stimtdna  On  withdrawing 
the  spinal  marrow  gently  out  of  its  canal  all  these 
phenomena  ceased.''  The  conclusions  drawn  from 
these  observations  are  not  a  little  surprising  to  any 
one  who  has  a  sense  of  logical  proof.  ''  This  experi- 
ment," he  continues,  "  affords  evidence  of  many  im- 
portant facts  in  physiology.  It  proves  that  the  pre- 
sence of  the  medulla  oblongata  and  spinalis  is  neces- 
sary to  the  contractile  function  of  the  eyelids,  the 
submaxillary  textures,  the  larynx,  the  sphincters,  the 
limbs  and  the  tail,  on  the  application  of  stimuli  to  the 
cutaneous  surfaces  or  mucus  membranes  [which  no 
one  doubted].  It  proves  ( I )  the  reflex  character  of 
this  property  of  the  medulla  oblongata  and  spinalis, 
and  the  dependence  of  these  motions  upon  the  reflex 
function.  It  proves  that  the  tone  of  the  limbs,  and 
the  contractile  property  of  the  sphincter,  depend  upon 
the  same  reflex  function  of  the  medulla  spinalis — 
eflfects  not  hitherto  suspected  by  physiologista"  * 

Now  what  is  the  proof  here  afforded?  The  facts 
are,  that  the  limbs  and  tail  contract,  when  stimulated, 
although  the  head  be  removed  from  the  body.  This  is 
assumed  to  be  a  proof  that  such  contractions  take 
place  without  sensation,  because  the  Brain  is  assumed 
to  be  the  sole  seat  of  sensation.  ''  In  decapitated  ani- 
mals the  very  organ  of  sensation  and  volition,  and  the 
other  mental  faculties,  is  removed."  "f-  But  unhappily 
for  this  argument,  the  facts  cited  by  him  show,  that 

*  Marshall  Hall  :  Philot.  Trant.  1883,  p.  644. 

t  Marshall  Hall  :  Hew  Memoir  on  the  Nerwmt  Syrtem,  p.  82. 
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when  the  ''veiy  organ**  itself  is  present — in  the 
severed  head — precisely  similar  phenomena  are  ob* 
served.  If  the  brain  is  the  veiy  organ  of  sensation,  it 
will  manifest  sensibility  as  long  as  any  vitality  rCTnains^ 
whether  joined  to  the  body  or  severed  from  it :  jnst  as 
muscles  manifest  contractility,  and  the  heart  beats, 
when  separated  from  the  body:  it  is  but  a  feeble 
manifestation,  I  admit,  but  as  long  as  there  is  any 
manifestation,  it  will  be  of  the  organic  function  pecu- 
liar  to  the  organ.  In  most  animals,  the  loss  of  blood, 
and  the  shock,  destroy  at  once  all  manifestatioii  of 
sensibility  in  the  severed  head ;  *  but  in  reptiles,  batra- 
chians,  and  insects,  the  property  still  endures  for  a 
short  period. 

Does  not  the  reader  perceive  that  if  the  head, 
containing  the  "  organ  of  sensation,"  after  being 
severed  from  the  body,  manifests  any  of  those  signs  of 
sensibility  which  it  manifests  when  joined  to  the  body, 
we  can  have  no  right  whatever  to  say  these  identical 
effects  are  due  to  different  causes  f  Does  he  not 
further  see  that  if  the  phenomena  observed  in  the 
body  separated  from  the  head,  are  precisely  sinular  to 
those  observed  in  the  uninjured  animal,  and  to  those 
observed  in  the  severed  head,  these  identical  pheno- 
mena cannot  be  due  to  different  causes  ?  Deny  that 
the  separated  body  manifests  sensibility,  and  yon 
must  deny  that  the  separated  head  manifests  it ;  but 

^  Were  it  not  so,  the  suflFerings  of  a  man  beheaded  would  be  friglLt- 
ftil.  But  we  know,  from  experiments  on  mammals,  that  tiie  loos  of 
blood  causes  death  before  the  shook  passes  away. 
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you  cannot  stop  here,  you  mnst  also  deny  that  the 
uninjured  animal  manifests  it 

That  is  the  interpretation  I  put  upon  the  facts.  The 
one  suggested  by  Marshall  Hall  rests  on  the  double 
assumption  that  the  Brain  is  the  exclusive  seat  of 
Sensibility  (an  assumption  of  the  very  point  in  ques- 
tion), and  that  unless  the  Brain  be  in  vital  connection 
with  the  rest  of  the  body,  all  Sensibility  is  impossible. 
Of  j>roq/' there  is  not  a  shadow.  Indeed,  I  cannot  help 
an  expression  of  surprise  at  the  weakness  of  the  evi- 
dence on  which  this  celebrated  Seflex-Theory  is  based. 
Except  the  striking  facts  noted  of  human  beings,  with 
injured  spines,  who  were  insensible  to  prickings  and 
burnings — ^facts  which  we  shall  hereafter  see  do  not  in 
any  way  contradict  the  views  put  forth  in  these  pages, 
and  do  not,  when  properly  considered,  give  the  Reflex- 
Theory  any  countenance — there  is  not  a  single  fact,  or 
experiment,  which  can  make  us  pausa  As  to  Mar- 
shall Hall's  few  experiments,  the  facts  are  so  inaccu- 
rately stated  by  him,  or,  when  accurate,  are  so  illogic- 
ally  interpreted,  that  a  feeling  of  the  ludicrous  is 
irresistible  when  we  hear  him  declare :  "Nothing  can 
affect  my  view  of  the  subject,  which  is,  as  I  have 
stated,  the  simple  expression  ofihefactsy 

Let  us  give  Marshall  Hall  due  honour  for  his  in- 
genuity and  his  steady  pertinacity  against  all  opposi- 
tion, but  let  us  also  rigidly  question  the  claims  even  of 
the  most  honoured.  I  do  not  think  that  accuracy  of  ob- 
servation,  or  of  reasoning,  were  his  strong  points ;  atid 
in  the  course  of  the  following  pages  the  reader  will  see 
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grounds  for  this  judgment  Meanwhile  two  important 
misstatements  call  for  notice:  One  of  the  cardinal 
"  facts  *'  in  Hall's  theory  is,  that  decapitated  animals 
never  move  unless  excited  to  motion  by  an  external 
stimulus.  This  fact  I  positively  deny.  Had  he  kept 
frogs  and  tritons  for  days  after  decapitation,  or  weeks 
after  division  of  the  spinal  chord,  he  woidd  have  ob- 
served frequent  refutations  of  his  hasty  oonclnsion. 
Had  he  even  remembered  fiedi's  account  of  the  tortoise, 
which,  after  the  whole  craniaT  cavity  had  been  com- 
pletely emptied,  walked  about  as  usual,  and  lived  for 
five  months,*  he  would  never  have  ventured  on  such  a 
statement. 

Some  time  ago  I  removed  the  brain  from  a  frog,  and 
left  it  on  a  plate  to  recover  from  the  effects  of  ether. 
The  next  morning  the  servant  came  to  me,  with  sup- 
pressed alarm,  assuring  me  my  frog  would  escape. 
"  No,  there's  no  danger.  It  can't  escape,  its  head  is 
off."  "  But  I  assure  you,  sir,  it's  quite  lively ;  I 
thought  it  would  jump  off  the  table."  On  going  up- 
stairs, I  found  the  animal  in  the  middle  of  the  room. 
Such  things  are  of  frequent  occurrence.  Dr  Inman,  of 
Liverpool,  writes  me  word  that  he  has  witnessed  it  on 
several  occasions.  He  completely  emptied  the  cranial 
cavity  of  a  frog,  yet  found  the  animal  quite  vivacious : 
"  There  is  no  lack  of  spontaneous  movement,  and  the 
reflex-actions  are  distinct  enough  in  the  eye,  eyelid, 
and  other  places/'  Indeed,  no  one  has  investigated 
this  subject  without  seeing  abundant  evidence  of  spon- 

*  Redi:  Ohterv,  circa  Aniinal.  Vivent.,  p.  209. 


BRAINLESS  ANIMALS  MOVING  SPONTANEOUSLY.       185 

taneons  moyements  after  remoyal  of  the  brain.  These 
movements  are,  it  is  true,  less  evident  when  the 
Medulla  Oblongata  has  also  been  removed  ;  but  that  is 
simply  because  lung-respiration  depending  on  the  Me- 
dulla, and  vital  energy  on  respiration,  the  removal  of  the 
Medulla  is  too  serious  an  interference  with  the  relations 
of  the  organism  to  permit  more  than  feeble  evidences 
of  spontaneity.  Nevertheless,  when  the  spinal  chord  is 
divided,  the  direct  influence  of  the  Medulla  is  removed 
from  the  nervous  centres  behind  the  section,  but  its 
indirect  influence,  in  keeping  up  an  active  nutrition  of 
those  centres,  enables  the  parts  behind  the  section  to 
move  spontaneously.  A  Triton,  or  Lizard,  with  a 
divided  chord,  will  be  seen  to  move  its  tail  and  hind- 
legs  spontaneously ;  i.  e.,  without  any  external  stimidus 
being  appHed. 

When  I  use  the  phrase  external  stimulus,  it  is  in 
the  sense  implied  by  Marshall  Hall  and  Mr  Grainger, 
meaning  some  irritation  from  the  contact  of  a  hard 
substance,  an  acid,  or  the  flame  of  a  taper.  But  as  a 
change  in  the  temperature  of  the  room,  a  current  of 
cold  air,  or  the  effect  of  exposure  on  the  wound,  may 
equally  well  range  under  the  category  of  external 
stimuli,  I  think  it  important  to  show  that  a  decapi- 
tated &og  will  move  spontaneously  when  there  is  no 
external  stimulus  possible.  The  frog  is  first  etherised ; 
and  then,  its  brain  having  been  carefully  removed,  the 
whole  of  its  skin  is  stripped  off.  The  effect  of  the  skin- 
ning is  to  render  it  totally  insensible  to  any  external 
impressions  :  you  may  pinch,  prick,  tear,  bum  the  flesh. 
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or  cat  off  the  limbe  bit  by  bit,  without  prodnoing  the 
slightest  sign  of  sensatioiL  Tet  this  frog  irill  hop 
spontaneously ;  and  if  you  draw  its  hind-l^s  frwn 
under  it,  and  leave  them  outstretdied,  it  will  draw 
them  up  again  in  a  few  minutes ;  thus  proying  that 
motions  may  take  place  in  a  brainless  aninud  when  all 
external  impressions  are  rendered  poweilesa  More- 
over, I  found  that  a  triton,  divided  in  two,  had  spon- 
taneous movement  in  both  halves :  I  placed  the  tail- 
half  under  a  glass,  and  kept  the  air  within  moists  to 
prevent  evaporation  from  the  skin,  yet  even  here  this 
fragment  of  an  animal  occasionally  moved. 

So  much  for  the  canlinal  fact  in  the  Beflex-Theoiy — 
a  bd  which  is  to  prove  that  the  motions  of  a  decapi- 
tated animal  are  excited,  but  not  fdt  I  conceive  that 
all  actions,  in  all  animals,  are  excited,  and  all  are  felt : 
an  unexdted  motion  is  inconceivable ;  but  some  mo- 
tions are  excited  by  external,  and  others  by  internal 
stimuli 

The  second  point  to  be  noticed  here,  illustrates 
Hall's  somewhat  loose  manner  of  conducting  experi- 
ments which  require  rigid  caution ;  and  the  equally 
loose  manner  in  which  he  drew  condusiona  ''  I  di- 
vided," he  says,  "  the  spinal  marrow  of  a  very  livdy 
snake  between  the  second  and  third  vertebna  The 
movements  of  the  animal  were  immediately  before 
extremely  vigorous  and  unintermitted.  From  the  mo- 
ment of  the  division  of  the  spinal  marrow,  it  Ibj  per- 
fectly tranquil  and  motionless,  with  the  exception  of 
occasional  gaspings  and  slight  movements  of  the  head. 
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It  became  quite  obyious  that  this  state  of  quiescence 
would  continue  indefinitely,  were  the  animal  secured 
&om  all  external  impressiona"  So  far  from  this  being 
^'obvious/'  it  is  directly  counter  to  fact  The  mere 
division  of  the  spinal  chord  gives  a  ''  shock/'  which  for 
a  time  keeps  the  animal  motionless,  or  convulsive,  but 
never  prevents  subsequent  spontaneity  of  movement. 
But  let  us  continue  his  account :  "  Being  now  stimu- 
lated, the  body  began  to  move  with  great  activity,  and 
continued  to  do  so  for  a  considerable  time,  each  change 
of  position  or  situation  bringing  some  fresh  part  of  the 
surface  of  the  animal  into  contact  with  the  table  or 
other  objects^  and  renewing  the  application  of  the 
stimulus.  At  length  the  animal  became  again  quies- 
cent ;  and  being  carefully  protected  from  all  external 
impressions,  it  moved  no  more,  but  died  in  the  precise 
position  and  form  which  it  had  assumed." 

A  closer  reasoner  would  have  seen  that  the  snake's 
movements  —  if  originated  by  a  aenscution  derived 
from  an  irritation — would  subside  with  the  sub- 
sidence of  the  sensation  ;  but  they  could  never  subside 
— ^while  vitality  remained — if  the  mere  eaxitation, 
caused  by  contact  of  the  table,  originated  each  move- 
ment ;  since  this  excitation  must  be  renewed  at  each 
movement  of  the  snake,  and  thus  one  movement  would 
necessarily  bring  on  the  next.  But  Marshall  Hall  set 
logic  at  defiance.  On  this  very  page  he  declares,  that 
when  a  decapitated  animal  has  relapsed  into  the  repose 
from  which  it  will  never  rouse  itself,  unless  stimulated 
externally,    "  the  slightest  touch  with  a  hard  sub- 
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stance,  the  slightest  stimulus,  wfll  renew  ike  more- 
ments  ;"  and  he  thinks  that  these  movements  cannct 
depend  upon  sensation,  because  the  position  into  which 
the  animal  falls  may  be  one  which  would  be  attended 
with  extreme  pain  if  sensibility  remained — e.  g.  when  the 
animal  remains  suspended  over  the  acute  edges  of  the 
table.  Had  he  stopped  here,  one  might  have  attached 
some  weight  to  the  argument ;  but  he  proceeds — "  the 
infliction  of  punctures  and  the  application  of  a  lighted 
taper  did  not  prevent  the  animal,  still  possessed  (?)  of 
active  powers  of  motion,  from  passing  into  a  state  of 
complete  and  permanent  quiescenca*' 

As  the  "observation"  is  one  on  which  Hall  lays  great 
stress,  the  reader  is  requested  to  notice  the  remarkable 
confusion  in  the  statement.  First  we  are  told  that  the 
slightest  touch  with  a  hard  substance  suffices  to  renew 
the  movements  ;  and  then  we  are  told  that  the  proof  of 
these  movements  not  being  due  to  sensation,  is  that 
punctures  and  burnings  produced  no  such  renewal  of 
movements — as  if  punctures  were  effected  without 
"  the  slightest  touch  of  a  hard  substance  !"  The  truth 
of  the  case,  so  ill  observed  by  him,  is  this,  that  the 
snake,  when  thoroughly  exhausted,  did  not  move,  if 
punctured  or  burned  ;  but  before  that  exhaustion  had 
taken  place,  punctures  and  burnings  could  have  made 
it  writhe,  and  any  other  stimulus  would  have  made  it 
mova  On  the  whole,  we  cannot  but  agree  with  Arnold, 
when  he  says  that  Hall  one  moment  relies  on  the  &ct 
that  decapitated  animals  move,  as  a  proof  that  move- 
ments may  take  place  without  sensation ;  and  the  next 
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moment  proves  the  absence  of  sensation  by  the  fact 
that  the  animals  do  not  move.* 

These  examples  will  sniBSce  to  show  how  little  Mar- 
shall Hall's  experiments  snpport  his  theory.  Letns 
glance  at  another  example  which  is  adduced  in  favour 
of  the  theory :  *'  Mr  Grainger  found,"  says  Dr  Car- 
penter, '*  that  he  could  remove  the  entire  hind-leg  of 
a  salamander  with  the  scissors  without  the  creature 
moving,  or  giving  any  expression  of  suffering,  if  the 
Spinal  Chord  had  been  first  divided ;  yet  that  by  irri- 
tation of  the  foot,  especially  by  heat,  in  an  animal 
similarly  circumstanced,  violent  convulsive  actions  were 
excited  in  the  legs  and  tail  This,  fact  is  important, 
not  only  as  showing  the  comparatively  powerM  effect 
of  impressions  on  the  cutaneous  surface,  but  also  as 
proving  how  little  relation  the  amount  of  reflex-action 
has  to  the  intensity  of  sensation.'' 

On  this  we  must  remark  that  the  fact  is  altogether 
misstated,  owing  to  theoretic  preconceptions.  When 
Mr  Grainger  states  that  the  creature  did  not  move, 
or  give  any  expression  of  suffering,  he  means,  I  pre- 
sume, that  the  fore-part  of  the  creature  remained 
quiet ;  which  is  no  more  than  would  be  expected,  since 
the  division  of  the  spinal  chord  had  divided  the  crea- 
ture into  two  distinct  parts — as  regards  sensibility. 
The  fore-part  was  quiet,  because  the  fore-part  was  not 
touched  But  I  venture  to  say,  the  hind-part  was  not 
quiet;  that  always  writhes  when  the  leg  is  cut  off. 
And  although  the  leg  may  be  cut  off  from  this  hind- 

*  AjurOLD :  Lie  Lehre  von  dtr  R^Ux  Function,  p.  54. 
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part  withont  prodncing  any  considerable  writluiigs^ 
such  as  are  prodnced  by  heat  or  other  iiritation,  yet 
this  by  no  means  warnints  the  condnsion  drawn  l^ 
Dr  Carpenter ;  and  for  these  reasons :  the  sensibfl]:^ 
of  a  Salamander  to  extemal  stimnli  is  almost  ex- 
dnsively  cntaneons ;  stripped  of  its  skin,  no  amoont 
of  catting,  or  pricking,  produces  the  slightest  sen- 
sation: when  therefore  the  leg  is  cat  off,  if  the 
scissors  be  very  sharp,  and  the  movement  rapid,  the 
animal  scarcely  responds  to  the  stimalos ;  but  if  the 
scissors  be  not  very  sharp,  and  the  cat  be  made  slowly, 
the  animal— or  a  segment  of  the  animal — writhes  enex^ 
getically.  An  irritation  of  the  skin,  by  heat  or  other 
stimalas,  will,  of  coarse,  produce  greater  writhings 
than  catting  off  a  leg :  bat  this  will  be  the  case  with 
the  nninjared  animal,  no  less  than  with  the  animal 
whose  chord  has  been  divided.  Thus  we  see  that  the 
&ct  in  no  way  supports  the  hypothesis  of  reflez-actioiis 
being  produced  without  sensation. 

Indeed,  I  know  of  no  &cts  whatever  which  justify 
the  hypothesis,  but  abundant  facts  irreconcilable  with 
it  These  latter  facts  we  shall  have  to  consider  pre- 
sently, in  treating  of  the  sensational  function  of  the 
spinal  chord  If  we  are  to  limit  sensation  to  the  brain, 
it  is  obvious  that  actions  which  take  place  without  a 
brain,  must  be  actions  without  sensation.  But  this 
is  the  point  which  has  to  be  proved,  not  assumed ; 
and  it  cannot  be  proved  by  such  facts  or  arguments  as 
have  hitherto  been  advanced.  Actions  may  be  deter- 
mined by  cerebral,  or  by  spinal,  sensibility ;  to  deny 


REFLEX  ACTION  OF  THE  BRAIN.  191 

sensibility  to  the  spinal  chord,  because  its  sensations 
may  in  many  respects  be  unlike  those  of  the  brain,  is 
as  unphilosophical  as  to  deny  sensibility  to  the  cere- 
brum, because  its  sensations  are  unlike  those  of  the 
optic  or  auditory  centres  :  and  this  has  actuaUy  been 
maintainecL  Various  writers  have  denied  consciousness 
to  the  cerebral  hemispheres.  Nor,  until  we  adopt  lan- 
guage having  scientific  precision,  is  there  any  ground 
for  objecting  to  such  a  conclusion ;  since  it  is  perfectly 
clear  that  the  same  principle  of  reflex-action  takes 
place  iQ  the  cerebrum,  as  that  which  we  have  noted  in 
the  spinal  chord. 

rV.  BEFLEX-AcnoN  IN  THE  Brain. — It  was  sus- 
pected by  Prochaska^  and  has  since  become  quite  ascer- 
tained, that  reflex-actions  would  take  place  from  the 
Sympathetic  Ganglia,  without  the  participation  of  the 
Spinal  Chord.  The  proof  is  simpla  The  whole  spinal 
chord  and  brain  may  be  destroyed,  yet  the  heart  will 
continue  to  beat,  and  the  intestines  to  move. 

But  a  more  important  step  was  to  be  taken :  the 
Brain  was  to  be  included  among  reflex  centres,  and 
some  at  least  of  its  actions  reduced  under  the  general 
law  of  reflexion.  This  step  was  taken  by  Dr  Laycock 
in  1840.  In  a  striking  paper*  read  by  him  at  the 
British  Association  in  1844,  he  brought  together  the 
evidence  on  which  his  view  was  founded.  The  idea 
has  been  adopted  and  illustrated  in  the  writings  of  Dr 
Carpenter,  who  now  calls  the  action  "  unconscious  cere- 

*  Printed  in  the  Brituh  and  Foreiffn  Medical  lUview,  Jan.  1846. 
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bratioiL^  If  the  modem-reflex  tiieoty  be  adopted,  dib 
extension  of  it  to  the  brain  is inevitaUa  But  itseems 
to  me  that  miconscioiis  cetebnition  is  notiiiiig  more 
than  this :  we  can  have  a  aensatiim  without  thinking 
of  that  sensation ;  and  in  like  manner  we  can  think 
without  thinking  that  we  think — a  train  of  ideas  may 
go  on  without  exciting  a  particular  direction  of  the 
consciousness. 

''I  was  led  to  this  opinion,"  I>r  Laycock  says  in 
announcing  his  view,  '^  by  the  general  principle  that 
the  ganglia  within  the  cranium  being  a  continuation  o€ 
the  spinal  chord,  must  necessarily  be  regulated  as  to 
their  reaction  on  external  agencies  by  laws  identical 
with  those  goyeming  the  spinal  ganglia  and  their 
analogues  in  the  lower  animals."  I^  therefore,  the 
spinal  chord  is  a  c^itre  of  reflexion,  Ihe  brain  must 
also  be  ona  It  is  a  matter  of  regret  that  Dr  Laycock 
did  not  extend  this  principle,  and  declare  that  what- 
ever was  true  of  the  properties  of  the  cranial  centres^ 
must  also  be  true  of  the  spinal  centres  ;  if  the  brain 
have  Sensibility,  the  spinal  chord  must  also  have  it. 

Dr  Laycock  refers  to  the  curious  phenomena  of 
Hydrophobia  in  proof  that  reflex  -  actions  may  be 
excited  by  the  optic  nerves,  or  by  a  mere  idea  of 
water.  When  a  mirror  was  presented  to  a  patient^ 
the  reflection  of  the  light  acting  on  his  retina,  in  the 
manner  of  a  reflection  from  the  surface  of  water,  pro- 
duced a  convulsive  sobbing,  as  in  the  attempt  to  swal- 
low water,  and  the  patient  turned  aside  his  head  with 
expressions  of  terror.    Money  was  given  him  to  induce 
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him  to  look  a  second  time,  but  before  he  had  looked  in 
it  a  minute,  the  same  effect  was  produced. 

The  idea  of  water  excited  similar  convulsions.  No 
sooner  was  it  suggested  that  the  patient  should  swal-  * 
low  a  little  water  than  he  seemed  frightened,  and 
began  to  cry  out.  By  kindly  encouragements,  he  was 
brought  to  express  his  willingness  to  drink,  but  the  . 
sound  of  the  water,  as  it  was  poured  out  again,  brought 
on  convulsions.  In  another  case,  "  on  our  proposing 
to  him  to  drink,  he  started  up,  and  recovered  lus 
breath  by  a  deep  convulsive  inspiration.  On  being 
urged  to  try,  he  took  a  cup  of  water  in  one  hand,  and 
a  spoon  in  the  other.  With  an  expression  of  terror, 
yet  with  great  resolution,  he  filled  the  spoon,  and  pro^ 
ceeded  to  cany  it  to  his  lips ;  but  before  it  reached  his 
mouth,  hLs  courage  forsook  him,  and  he  was  forced  to 
desist.  He  repeatedly  renewed  the  attempt,  but  with 
no  more  success.  His  arm  became  rigid  and  immov- 
able whenever  he  tried  to  raise  it  to  his  mouth,  and 
he  struggled  in  vain  against  this  spasmodic  resLstance." 

The  facts  of  reflex  cerebral  action  are  important 
illustrations  of  the  law  of  nervous  phenomena^  but  they 
do  not  in  any  way  establish  the  peculiar  assumption 
of  the  Beflex-Theory,  which  is,  that  actions  can  take 
place  without  the  excitations  of  Sensibility. 

Dr  Carpenter,  adopting  the  opinions  of  Marshall  Hall 
and  Dr  Laycock,  thus  classifies  all  reflex-actions :  1. 
Those  determined  by  the  Spinal  Chord;  they  are 
"  excito-motor."  2.  Those  determined  by  the  Sensory 
Ganglia ;  they  are  "  sensori-motor."     3.  Those  deter- 
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mined  by  ihe  Ceiebrnm ;  tliejr  are  "  ideo-motor.*'    In 
all  these  consciousness  is  said  to  be  absent. 

Here  we  mnst  once  again  call  attention  to  the 
'  ambiguity  of  oidinaiy  langnaga  Consciousness  is  a 
word  which,  although  used  as  equivalent  to  sensation, 
ijs  often,  and  more  frequently,  used  as  equiyalent  to 
thought  To  have  a  sensation,  and  to  be  conscious^ 
are  held  as  convertible  terms :  there  can  be  no  sensa- 
tion without  consciousness.  But  there  is  frequent  use 
of  phrases  implying  that  sensations  may  exist  without 
consciousness,  as  when  we  say,  "I  heard  the  dock 
strike,  but  was  unconscious  of  it ;  I  wound  up  my 
watch,  but  did  so  unconsciously."  This  is  the  meaning 
which  Dr  Carpenter  seems  to  attach  to  the  word ;  and 
with  that  meaning,  there  is  no  impropriety  in  his 
speaking  of  "  unconscious  cerebration,"  which  some 
have  ridiculed,  as  if  it  were  tantamount  to  '*  unthink- 
ing thinking/'  There  is  no  doubt  that  we  go  through 
many  mental  processes  without  any  of  that  reflex-feel- 
ing which  is  characterised  by  the  phrase  "  being  con- 
scious." The  train  of  ideas  may  never  diverge  from 
the  direct  path :  a  problem  may  be  solved,  and  the 
mind  will  be  so  intent  on  the  solution  as  to  be  wholly 
''unaware"  of  anything  else.  During  reverie  we  are 
not  only  "  unconscious"  of  the  presence  of  external 
objects,  but  of  our  own  state.  The  intellectual  me- 
chanism acts  without  interruption  from  sensation. 
When  the  word  consciousness  is  restricted  thus,  we 
may  properly  say  that  there  can  be  unconscious  think- 
ing, and  unconscious  sensation.    It  is  only  saying  that 
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some  centres  of  our  complex  organism  may  act,  with- 
out at  the  same  time  calling  some  other  centres  into 
play. 

The  perplexing  ambiguities  which  necessarily  arise 
when  different  writers  use  the  words  sensation  and 
consciousness,  without  rigorously  defining  their  terms, 
I  have  endeavoured  to  avoid,  by  uniformly  employing 
the  word  Sensibility  as  a  general  term  indicating  the 
property  of  all  nerve-centres ;  and  the  word  Sensation 
as  a  general  term  including  every  reaction  of  Sensi- 
bility to  a  stimulus,  external  or  internal.  By  so  doing, 
all  nervous  phenomena  are  brought  under  the  same 
law ;  as  all  muscular  phenomena  are  brought  together 
when  Contractility  is  assigned  to  muscular  fibre,  and 
Contraction  to  the  activity  of  that  property.  A  muscle 
may  be  flexor,  or  extensor,  or  sphincter ;  its  function 
may  be  to  serve  expression,  respiration,  locomotion, 
voluntaiy  or  involuntary  movements ;  but  in  all  cases 
the  actions  depend  on  Contractility.  The  muscular 
mechanism,  like  the  nervous  mechanism,  is  so  related 
in  its  parts,  that  some  of  them  cannot  be  called  into 
action  without  also  playing  upon  others ;  but  there  are 
parts  which  can  act  with  a  certain  independence.  The 
arm  may  be  moved  without  any  altemtion  of  the 
muscles  of  expression,  yet  it  cannot  be  moved  without 
affecting  the  muscles  of  respiration.  But  whether  the 
parts  act  separately,  or  in  combination,  the  necessary 
condition  of  all  muscular  action  is  Contractility.  In 
like  manner,  whether  the  various  nerve-centres  act 
separately  or  in  combination,  the  necessaiy  condition 
of  all  ganglionic  action  is  Sensibility. 
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I  have  thought  it  desirable,  on  many  gnnrnda,  to 
make  Conscionsness  an  equivalent  term  for  Sensibflity, 
and  have  grouped  the  varions  forms  of  Senrihility 
under  the  heads  of  Thonght-eonsdonsness,  Senae<xm* 
scionsness,  and  Systemic-consdonsness.  Bat  this  is  a 
point  which  may  be  left  to  the  pleasure  of  the  reads: 
The  thesis  maintained  in  these  pages  does  not  require 
assent  to  such  a  classification;  but  it  asserts,  as  a 
scientific  proposition,  that  Sensibflity  is  the  property 
of  all  nerve-centres ;  and  that  no  action  can  pos^bly 
take  place  in  the  organism  which  has  not  a  sensation, 
of  some  kind,  as  a  basis.  The  Beflex-Theory,  which 
considers  the  organism  as  a  mechanism,  errs  in  suppos- 
ing that  this  mechanism  can  dispense  with  Sensibility. 
I  also  hold  that  the  organism  is  a  mechanism — but 
a  vital  and  sensitive  mechanism.  It  was  no  discoveiy 
of  Marshall  Hallos  that  many  actions  could  take  place, 
and  did  take  place,  without  our  being  "  conscious"  of 
them — meaning  thereby,  without  our  attending  to,  or 
^tnX;{72^  of  them.  Every  one  knew  that  His  discovery 
purported  to  be,  that  whereas  some  actions  have  a  sen- 
sational origin,  and  can  only  be  performed  in  virtue 
of  a  sensitive  mechanism;  there  are  other  actions 
which  have  no  such  origin,  but  which,  like  the  actions 
of  a  steam-engine,  depend  on  the  reflexion  of  impres- 
sions into  motions,  one  cogged  wheel  moving  another. 
In  this  he  made  the  immense  mistake  of  forgetting 
that  in  the  vital  mechanism  each  cog  is  a  senscUion. 
Unless  his  purely  mechanical  view  be  adopted,  the 
Beflex-Theory  is  merely  a  new  name  ;  and  the  reader 
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has  already  seen  how  little  evidence  there  is  in  favour 
of  such  a  view,  how  much  against  it.  The  evidence 
against  it  will  become  more  and  more  coercive  as 
we  proceed.  But  it  is  necessary  for  a  right  understand- 
ing of  the  claims  of  the  Spinal  Chord  to  the  title  of 
a  sensational  and  volitional  centre,  that  we  should 
examine  with  some  attention  what  constitutes — in 
a  physiological  sense — a  volition. 

V.    VOLUNTAEY  AND    InVOLUNTAEY   ACTIONS. — It 

seems  an  easy  thing  to  distinguish  a  voluntary  from  an 
involuntary  action ;  and  yet  this  seemingly  easy  thing 
sorely  perplexes  the  cunning  of  philosophy.  It  seems 
also  an  easy  thing  to  distinguish  between  an  animal 
and  a  plant ;  yet  when  we  come  to  seek  for  the  one 
distinctive  characteristic  which'  marks  the  animal 
world,  and  separates  it  decisively  from  the  vegetable 
world,  we  are  sorely  puzzled.  There  is  no  diflSculty  in 
saying  that  a  cow  is  an  animal,  and  a  cabbage  is  a 
plant :  but  when  we  descend  to  the  simpler  forms  of 
animal  life,  we  find  them  so  nearly  allied  to  plants 
that  our  classification  is  troubled.  Still  greater  is  our 
perplexity  when  the  simpler  actions  are  presented  for 
analysis;  positive  as  we  may  be  that  some  actions 
have  a  volitional  element,  we  are  at  a  loss  to  mark  out 
what  that  element  is. 

In  popular  language,  those  actions  are  called  volun- 
tary over  which  we  can  exercise  control,  either  in  the 
way  of  restraining,  or  of  prompting  them.  I  can  move 
my  arm,  or  keep  it  motionless,  if  I  will  to  do  so.    But 
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there  are  other  actions  which  are  beyond  control ;  no 
effort  of  Will  suffices  to  prompt,  or  to  restrain  ihem. 
the  heart  beats  mthout  my  control  The  eyelid  winks, 
the  wounded  muscle  quivers,  the  stomach  digests, 
involuntarily.  I  can  control  the  movement  of  my 
arm,  unless  a  sharp  pain  forces  me  to  withdraw  it ; 
and  when  I  withdraw  it  under  sudden  pain,  the  action 
is  said  to  be  involuntaiy. 

This  is  a  rough  classification,  which  suffices  for  our 
daily  needs.  We  want  a  term  to  mark  a  certain  group, 
and  the  term  voluntary  satisfies  that  want  But  the 
severer  exigencies  of  Science  are  not  satisfied  so  easily. 
A  rigorous  examination  shows  that  in  most,  if  not 
in  all,  the  so-called  involuntaiy  actions  (as  we  shall  see 
presently)  this  veiy  volitional  element  of  control  may 
find  a  place.  Although  breathing  is  an  involuntaiy 
act,  it  can  be,  and  often  is,  restrained  or  accelerated  by 
the  will ;  but  the  controlling  power  soon  comes  to  an 
end — we  cannot  voluntarily  suspend  our  breathing  for 
many  seconds ;  the  urgency  of  the  sensation  at  last 
bears  down  the  control.  In  like  manner,  we  can  par- 
tially, but  not  wholly,  restrain  the  shrinking  and 
trembling  which  accompany  pun  and  terror.  It  has 
been  said  that  these  partial  influences  of  control  are 
due  to  the  fact  that  the  apparatus  involves  some  of  the 
voluntary  muscles,  and  these  are,  of  course,  under  the 
control  of  the  wiU ;  but  that  inasmuch  as  the  appara- 
tus is  not  wholly  constituted  by  voluntary  muscles,  it 
is  not  wholly  under  control.  Yet  this  is  only  a  re- 
statement  of  the  fact  in  different  terms.    The  muscles 
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are  styled  voluntary,  because  they  are  under  control 
Nevertheless,  it  is  easy  to  prove  that  an  apparatus 
of  purely  voluntary  musdes  will  fumidi  an  involuntary 
act — ^an  act  quite  beyond  all  influence  of  the  WilL 
The  act  of  winking  is  an  example.  It  is  performed  by 
voluntary  muscles,  and  may  be  a  purely  voluntary 
act — as  when  we  wish  telegraphically  to  warn  one  of 
our  hearers  that  we  are  jesting,  Yet  this  act,  which  is 
as  purely  voluntary  as  any  we  perform,  is  habitually 
an  involuntary  act ;  the  contact  of  the  air  with  the  eye 
causes  a  loss  of  temperature  by  evaporation,  and  the 
sensation  caused  by  this  dryness  urgently  insisting  on 
being  remedied,  we  wink.  Not  only  is  winking  one  of 
the  typical  examples  of  involuntary  action,  but  we 
find  that  it  occurs  in  spite  of  the  most  obstinate  effort 
to  restrain  it :  no  resolution  on  our  part  not  te  wink 
will  prevent  our  winking,  after  a  certain  time,  or  if 
a  hand  be  passed  rapidly  before  the  eye. 

This  example  shows  that  the  partial  control  which 
the  will  exercises  over  what  are  called  involuntary 
acts,  does  not  depend  on  the  nature  of  the  muscles  in- 
volved The  same  action  which  is  voluntary  at  one 
moment  will  be  involuntary  at  another,  according  to 
the  urgency,  or  intensity,  of  the  stimulus.  We  laugh 
because  we  are  tickled,  or  because  some  ludicrous 
image  presents  itself:  both  of  these  are  involuntary 
actions,  although  both  are  capable,  within  certain 
limits,  of  control ;  but  we  may  also  laugh  because  we 
pretend  to  be  tickled  at  the  great  man's  joke — secretly 
felt  to  be  a  very  feeble  effort  of  humour.    We  cough 
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because  there  is  a  tic^Ung  in  the  throat ;  and  we  also 
cough  because  we  desiie  to  drown  the  too  buoyant 
pladtudes  of  a  lemorseless  orator.  We  yawn  becamse 
we  are  weary,  and  we  yawn  because  we  determine  to 
set  others  yawning.  It  seems  dear,  therefore,  that  the 
volitional  element  we  aie  in  search  of,  cannot  lie 
in  the  net  itself  bnt  in  something  which  precede* 
or  accompanies  the  act.  According  to  the  popular 
opinion,  an  act  is  called  volnntary  if  the  mind  has  de- 
termined it  by  a  conscious  conception  of  the  object  to 
be  attained  ;  and  if  we  were  to  say  that  volition  is  an 
action  determined  by  a  distinct  idea;,  we  should  express 
the  current  opinion  pretty  accurately.  Is  that  opinion 
tenable? 

It  is  not  tenable,  because  on  the  one  hand  actions 
may  be  determiued  by  distinct  ideas,  and  yet  be  "in- 
voluntary ; "  and  because  on  the  other  hand  actions  may 
be  voluntary,  yet  not  determined  by  distinct  ideas^  but 
determined  simply  by  sensations.  Let  a  Mend  pass  a 
finger  rapidly  before  your  eye,  and  although  he  has  sol- 
emnly assured  you  that  he  will  not  touch  you,  and  yon 
have  profound  confidence  in  his  word,  yet  no  effort  of 
Will  prevents  your  winking.  It  is  in  vain  you  resolve 
to  be  firm — the  eyelid  drops  as  the  finger  approachea 
This  winking  is,  according  to  ordinary  conceptions,  an 
involuntary  act,  since  it  is  performed  in  spite  of  the 
will ;  yet  it  is  an  act  determined  by  an  idea,  the  idea 
of  danger;  and  the  proof  of  this  is  seen  when  you 
approach  a  finger  to  the  eye  of  an  animal,  or  infant^  in 
whom  no  such  idea  of  danger  is  excited :  it  does  not 
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wink.  Nor  do  you  wink  when  you  approacli  your  own 
finger  to  your  eye,  because  then  the  idea  of  danger  is 
absent  We  have  here  an  action  eminently  control- 
lable, and  obviously  determined  by  an  ideal  stimulus, 
having  therefore  the  two  cardinal  characters  of  a  vol- 
antary  act,  yet  being  unmistakably  involuntaiy.  To 
reconcile  such  a  contradiction  we  must  suppose  that 
the  Will  oscillated  —  one  instant  it  resolved  that 
winking  should  not  take  place,  and  the  next  instant 
resolved  that  it  should.  This  explanation  would,  how- 
ever, force  the  admission  that  the  act  of  winking  was 
not  involuntary  ;  after  which,  it  would  be  puzzling  to 
say  what  acts  are  involuntary.  K  the  will  can  thus 
oscillate,  and  thus  rescind  its  orders,  why  may  it  not 
in  all  the  assumed  cases  of  involuntaiy  action  be  in  a 
state  of  oscillation  ? 

What  is  the  process  of  control  ?  Every  action  is  a 
response  to  a  sensitive  stimulus.  Muscles  are  moved 
by  motor-nerves  which  issue  from  nerve-centres ;  these 
nerve-centres  are  excited  by  impressions  carried  there, 
either  by  sensory  nerves  going  from  a  sensitive  sur- 
face, or  by  impressions  communicated  from  some  other 
centra  A  stimulus  applied  to  the  skin  excites  a  sen- 
sation, which  being  reflected  on  a  muscle  excites  a 
contra^ction.  But*  instead  of  the  sensation  exciting  a 
muscle,  it  may  be  reflected  on  some  nerve-centre,  and 
excite  a  reflex-feeling.  This  secondary,  or  reflex-sen- 
sation, may  either  play  upon  a  muscle,  or  upon  some 
other  centre,  and  this  will  excite  an  action.  Thus  it 
is  that  the  same  external  stimulus  may  issue  in  very 
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diiFerent  actions.    We  decapitate  a  frog,  and  half  an 
hour  after  prick  or  pinch  its  leg :  the  frog  hops,  or 
suddenly  draws  up  its  leg.*  We  now  prick,  or  pinch, 
an  uninjured  frog  in  the  same  way,  and  we  mostly 
(not  always)  observe  that  its  leg  is  motionless ;  it  does 
not  hop  away,  it  only  lowers  its  head,  and  perhaps 
closes  its  eyes ;  a  second  pinch  makes  it  hop  away.    In 
the  decapitated  frog,  the  action  was  reflex ;  the  stimu- 
lus transmitted  fix>m  the  skin  to  the  spinal  chord  was 
directly  answered  by  a  contraction  of  the  leg.     In  the 
uninjured  frog,  the  stimulus  was  also  transmitted  to 
the  Spinal  Chord  ;  but  from  thence  it  ran  upwards  to 
the  brain,  exciting  a  reflex-feeling  of  alarm  ;  but  though 
alarmed,  the  animal  was  not  forced  into  any  definite 
course  of  action  to  secure  escape  ;  and  while  thus  hesi- 
tating, a  second  prick  came,  and  the  urgency  of  the 
sensation  then  caused  it  to  hop  away.     This  hopping 
was  reflex,  but  it  was  indirectly  so :  it  was  prompted 
by  the  reflex-feeling,  which  in  turn  had  been  excited 
by  the  original  sensation.     In  like  manner,  if  a  dog's 
tail  be  pinched  by  a  stranger,  the  dog  cries  out,  and 
turns  suddenly  round  to  bite  his  tormentor.    If  the 
tormentor  happen  to  be  the  dog's  master,  or  Mend,  the 
dog  will  cry  out,  start  away,  or  perhaps  even  torn 
round  to  bite — but  he  will  not  bite  ;  should  he  get  so 
far  as  to  seize  the  hand  with  his  teeth,  he  checks  him* 
self  in  time.    This  control  is  often  touchingly  seen  in 
removing  a  thorn  from  a  dog^s  foot :  the  pain  caoses  a 
reflex-action,  which  brings  the  dog's  head  down  upon 
the  operator's  hand ;  but  instead  of  biting,  the  gratefbl 
animal  licks  that  hand. 
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These  are  cases  of  control  They  are  possible  only 
because  reflex-feelings  areexdted  ;  one  sensation  being 
rapidly  followed  by  another,  so  that  before  one  action, 
directly  reflex,  can  occur,  anotiier  action  is  set  going, 
which  interferes  with  it,  controls  it  An  examination 
of  the  Nervous  System  discloses  a  number  of  centres, 
all  capable  of  independent  action,  yet  all  connected 
with  each  other,  and  thus  brought  into  some  depend- 
ence on  each  other ;  it  is  through  this  dependence  that 
control  becomes  possible.  A  sensation,  instead  of  issu- 
ing  in  the  action  which  usually  follows  it,  sometimes 
issues  in  another  sensation ;  this  in  turn  may  issue  in  a 
third  sensation,  instead  of  in  an  action  ;  just  as,  when 
a  row  of  billiard-balls  is  struck,  the  impetus  is  trans^ 
mitted  from  one  ball  to  the  other,  the  last  in  the  row 
flying  ofi^,  and  all  the  others  remaining  in  their  original 
position.  At  some  point  or  other,  could  we  follow  its 
course,  we  should  observe  that  the  original  sensatioa 
issued  in  an  action,  although,  because  the  final  stimu- 
lus to  this  said  action  is  a  reAex-feeling,  the  action  it- 
self is  very  unlike  what  it  would  have  been  if  direcUy 
reflex.  Tickle  the  face  of  a  sleeping  man,  and  by  a 
reflex-action  his  hand  is  raised  to  rub  the  spot ;  tickle 
the  face  of  that  man  when  awake,  and  instead  of  this 
reflex-action,  there  will  be  one  of  vocal  remonstrance, 
or  perhaps  one  guiding  a  pillow  in  its  descent  upon 
your  head. 

Inasmuch  as  all  actions  whatever  are  the  products 
of  stimulated  nerve-centres,  it  is  obvious  that  all  actions 
are  reflex — ^reflected  from  those  centres.    It  matters 
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not  whether  I  vink  becaofie  a  sensation  of  diyness,  €r 
becan^  an  idea  of  danger,  causes  the  eyelid  to  dose : 
the  act  is  equally  reflex.  The  nerve-centre  which 
supplies  the  eyelid  with  its  nerve  has  been  stimnlated ; 
the  stimuli  may  be  various,  the  act  is  unifonn.  At  otie 
time  the  stimulus  is  a  sensation  of  diyness^  at  another 
an  idea  of  danger,  at  another  the  idea  of  communicatr 
ing  by  means  of  a  wink  with  some  one  present ;  in 
each  case  the  stimulus  is  reflected  in  a  muscular  con- 
traction. Sensations  excite  other  sensations;  ideas 
excite  other  ideas  ;  and  one  of  these  ideas  may  issue  in 
an  action  of  controL  But  the  restraining  power  is 
limited,  and  cannot  resist  a  certain  d^ree  of  uigency 
in  the  original  stimulus.  I  can,  for  a  time,  restrain 
the  act  of  winking,  in  spite  of  the  sensation  of  dryness ; 
but  the  reflex-feeling  which  sets  going  tlus  restraining 
action' will  only  last  a  few  seconds ;  after  which  the 
urgency  of  the  external  stimulus  is  stronger  than  that 
of  the  reflex-feeling — the  sensation  of  dryness  is  more 
imperious  than  the  idea  of  resistance — and  the  eyelid 
drops. 

If  a  knife  be  brought  near  the  arm  of  a  man  who 
has  little  confidence  in  the  friendly  intentions  of  him 
that  holds  it,  he  will  shrink,  and  the  shrinking  will  be 
"involuntary" — ^in  spite  of  his  will  Let  him  have 
confidence,  and  he  will  not  shrink,  even  when  the  knife 
touches  his  skin.  The  idea  of  danger  is  not  excited  in 
the  second  case,  or  if  excited,  is  at  once  banished  by 
another  idea.  Yet  this  very  man,  who  can  thus  repress 
the  involuntary  shrinking  when  the  knife  approaches 
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his  arm,  cannot  repress  the  involantary  winking  when 
the  same  friend  approaches  a  finger  to  his  eye.  In 
vain  he  prepares  himself  to  resist  that  reflex-action  ;  in 
vain  he  resolves  to  resist  the  impulse  ;  no  sooner  does 
the  finger  approach,  than  down  flashes  the  eyelid. 
Many  men,  and  most  women,  would  be  equally  unable 
to  resist  shrinking  on  the  approach  of  a  knife :  the 
association  of  the  idea  of  danger  with  the  knife,  would 
bear  down  any  previous  resolution  not  to  shrink.  It  is 
from  this  cause  that  timorous  women  tremble  at  the 
approach  of  firearms.  An  association  is  established  in 
their  minds  which  no  idea  is  powerful  enough  to 
loosen.  You  may  assure  them  the  gun  is  not  loaded  ; 
"  that  makes  very  little  difference,"  said  a  naive  old 
lady  to  a  friend  of  ours.  They  tremble,  as  the  child 
trembles  when  he  sees  you  put  on  the  mask.  These 
illustrations  show  that  the  urgency  of  any  one  idea 
may,  like  the  urgency  of  a  sensation,  bear  down  the 
resistance  offered  by  some  other  idea ;  as  the  previous 
illustrations  showed  that  an  idea  could  restrain  or  con- 
trol the  action  which  a  sensation  or  idea  would  other- 
wise have  produced.  According  to  the  doctrines  cur- 
rent, the  Will  LS  said  to  be  operative  when  an  idea 
determines  an  action  ;  and  yet  all  would  agree  that  the 
winking  which  was  involuntary  when  the  idea  of  dan- 
ger determined  it,  was  voluntary  when  the  idea  of 
communicating  with  an  accomplice  in  some  mystifica- 
tion determined  it. 

The  reader  wiU  have  gathered  already  that  we  admit 
no  real  and  essential  distinction  between  voluntary  and 
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involuntary  actions.  They  are  all  voluntary.  They 
all  spring  from  Consciousness.  They  are  all  determined 
by  feeling.  It  is  convenient,  for  common  purposes,  to 
designate  some  actions  as  voluntary ;  but  this  is  merely 
a  convenience ;  no  psychological,  nor  physiological, 
insight  is  gained  by  it ;  an  analysis  of  the  process  dis- 
closes no  element  in  a  voluntary  action  which  is  not  to 
be  found  in  an  involuntary  action.  In  ordinaTy  lan- 
guage it  is  convenient  to  mark  a  distinction  betweoi 
my  raising  my  arm  because  I  wUl  to  raise  it  for  some 
definite  purpose,  and  my  raising  it  because  a  bee 
has  stung  me;  it  is  convenient  to  say,  ''I  will  to 
write  this  letter,"  and  "  this  letter  is  written  against 
my  will — I  have  no  will  in  the  matter."  But  Science 
is  more  exacting  when  it  aims  at  being  exact ;  and  the 
pMosopher,  analysing  these  complex  actions.  wiU  find 
no  element  answering  to  the  ''  will,''  in  one,  which  is 
absent  from  the  other  :  he  will  find  this  only,  that  in 
each  case  certain  muscular  groups  have  been  set  in 
action  by  certain  sensational  or  ideational  stimuIL 

It  is  a  very  general  mistake  to  suppose  that  every 
act  of  volition  implies  a  distinct  idea  of  its  object 
Unless  such  an  intellectual  element  be  present,  guiding 
the  movement,  the  voluntary  character  is  said  to  be  want- 
ing. But  it  is  well  said  by  Miiller,  that  "  the  ultimate 
source  of  voluntary  motion  cannot  depend  on  any  con- 
scious conception  of  its  object ;  for  voluntary  motions 
are  performed  by  the  foetus  before  any  object  can  occur 
to  the  mind — ^before  any  idea  can  possibly  be  conceiFed 
of  what  the  voluntary  motion  effecta     .    .     .    The 


THE  LINE   OF  FEELINO.  207 

foetus  moves  its  limbs  at  first,  not  for  the  attainment 
of  any  object,  but  solely  because  it  can  more  them. 
SiQce,  however,  on  this  supposition,  there  can  be  no 
particular  reason  for  the  movement  of  any  one  part, 
and  the  foetus  would  have  equal  cause  to  move  all  its 
muscles  at  the  same  time,  there  must  be  something 
which  determines  this,  or  that,  voluntary  motion  to  be 
performed.  The  knowledge  of  the  changes  of  position 
which  are  produced  by  given  movements,  is  gained 
gradually,  and  only  by  means  of  the  movements  them- 
selves, .  .  .  The  voluntaiy  excitation  of  the  ori- 
gins of  the  nervous  fibres,  without  objects  in  view, 
gives  rise  to  motions,  changes  of  posture,  and  conse- 
quent sensations.  Thus  a  connection  is  established  in 
the  yet  void  mind  between  certain  sensations  and  cer^ 
tain  motions.  When  subsequently  a  sensation  is  ex- 
cited from  without,  in  any  one  part  of  the  body,  the 
mind  will  be  already  aware  that  the  voluntary  motion, 
which  is  in  consequence  executed,  will  manifest  itself 
in  the  limb  which  was  the  seat  of  sensation ;  the 
foetus  in  utero  will  move  the  limb  that  is  pressed  upon, 
and  not  all  the  limbs  simultaneously.  The  voluntary 
movements  of  animals  must  be  developed  in  the  same 
manner.  The  bird  which  begins  to  sing  is  necessitated 
by  an  instinct  to  incite  the  nerves  of  its  laryngeal 
muscles  to  action  ;  tones  are  thus  produced.  By  the 
repetition  of  this  blind  exertion  of  volition,  the  bird  at 
length  learns  to  connect  the  kind  of  cause  with  the 
character  of  the  e£fect  produced.  The  instinct  of  this 
dream-like  and  involuntary-acting  impulse  in  the  sen- 
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sorium  hais  some  share  in  the  production  of  certain 
moyements  in  the  human  infant,  which  are  in  them- 
selves voluntary.  In  the  sensorium  of  the  newly-bom 
child  there  is  a  necessitating  impulse  to  the  motions  of 
sucking ;  but  the  different  parts  of  the  act  of  sucking 
are  themselves  voluntary  movements."* 

In  this  passage,  MUller  calls  certain  actions  volun- 
tary which  writers  usually  consider  to  be  reflex  (in- 
voluntary), and  reflex-actions  with  them  mean  actions 
without  sensation  ;  but  as  Mr  Bain  remarks, ''  It  may 
be  by  a  reflex-action  that  a  child  commences  to  sack 
when  the  nipple  is  put  between  its  lips ;  but  the  con- 
tinuing to  suck  so  long  as  the  sensation  of  hunger  is 
felt,  and  the  ceasing  when  that  sensation  ceases,  are 
truly  volitional  acts.  All  through  animal  life,  down 
to  the  very  lowest  sentient  being,  this  property  of  con- 
sciousness is  exhibited,  and  operates  as  the  instrument 
for  guiding  and  supporting  existence.  To  whatev^- 
lengths  the  purely  reflex  instincts,  or  the  movements 
divorced  from  consciousness,  may  be  carried  on  in  the 
inferior  tribes,  I  can  with  difficulty  admit  the  total  ab- 
sence of  feeling  in  any  being  we  are  accustomed  to  call 
an  animal ;  and  with  this  feeling  I  am  obliged  also  to 
include  this  property,  which  links  the  state  of  feding 
with  the  state  of  present  movement,"f  It  is  this  link 
of  feeling  with  action,  which,  according  to  Miiller,.con- 
stitutes  Volition. 

This  idea  of  the  nature  of  Volition  has  been  adopted 

♦  MuLLER :  Phffttology,  ii.  835. 

i-  Bain  :  The  Sensei  and  the  Inttlled,  p.  296. 


MR  bain's  views.  209 
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and  developed  by  Mr  Bain,*  with  a  fulness  and  sng- 
gestiveness  of  treatment  whicli  leaves  little  to  be  de- 
sired There  are  questions  he  leaves  untouched,  and 
points  on  which  I  do  not  find  myself  able  to  agree  with 
him ;  but,  on  the  whole,  I  have  received  more  light 
from  his  work,  than  from  that  of  any  other  psychologist, 
and  shall  therefore  expound  his  views,  in  preference  to 
those  of  any  other.  He  considers  the  Will  as  the 
generalised  expression  of  our  power  to  perform  volun- 
tary actions  ;  and  by  voluntary  actions  he  means  those 
which  have  an  estcMished  connection  with  certain  sen- 
sations. A  sensation  of  pain  excites  the  active  organs : 
the  animal  struggles  till  it  has  escaped  the  pain ;  these 
struggles  are  involuntary,  and  they  are  so  because  beyond 
definite  control,  beyond  the  guidance  of  any  one  feeling ; 
they  belong  to  what  Mr  Bain  calls  the  "  diffusive  wave 
of  emotion;''  whereas  voluntary  actions  are  isolated, 
and  directed  to  a  particular  end.  In  the  course  of  its 
struggles,  the  animal  accidentally  makes  one  movement 
which  is  followed  by  an  alleviation  or  cessation  of  the 
pain ;  this  makes  it  discontinue  all  the  other  move- 
ments, and  continue  that  which  alleviates.  If  any  of 
the  other  movements  are  set  going,  the  pain  recurs, 
and  warns  the  animal  to  cease.  The  continuance  of 
an  alleviating  movement,  Mr  Bain  regards  as  the  voli- 
tional element. 

"  We  must  in  the  first  instance  clearly  and  broadly 
separate  the  diffusive  wave,  accompanying  all  emotions 
as  their  necessaiy  embodiment,  from  the  active  influ- 

*Bain:  The  EfMtiont  and  the  WiU. 
VOL.  IL  Q  ^   ' 
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ence  now  under  discussion.  This  is  the  more  necessary 
as  the  two  classes  of  movements  are  veiy  apt  to  co- 
exist. A  blow  with  a  whip,  inflicted  on  a  sentient 
creature,  produces,  as  a  part  of  the  emotional  effect, 
strictly  so  called,  a  general  convulsiye  start,  grimace, 
and  howl ;  it  also  produces,  in  the  case  of  the  mature 
animal,  an  exertion  in  same  definite  course  to  avoid  the 
recurrence  of  the  infliction.  The  first  effect  is  entirely 
untaught,  primitive,  instinctive  ;  being  intimately  and 
indissolubly  connected  with  feeling  in  the  very  nature 
of  it.  The  other  effect  is  based  likewise  on  an  original 
property,  but  brought  into  the  shape  that  we  usually 
find  it  in,  after  some  experience  and  considerable  strug- 
gles. The  element  just  mentioned,  of  aim  or  purpose, 
in  no  sense  belongs  to  the  movements  of  the  diffused 
wave,  or  those  constituting  the  manifestation  or  expres- 
sion of  the  mental  state.  The  ecstatic  shout  of  hila- 
rious excitement,  the  writhings  of  pain,  are  energetic 
movements,  but  they  belong  neither  to  the  class  of 
central  spontaneity  above  described,  nor  to  the  volun^ 
tary  class  now  under  consideration." 

When  a  very  young  infant  is  in  pain,  it  struggles 
and  squalla  That  is  all  it  can  do ;  it  does  that  lustily. 
Mr  Bain  considers  it  due  to  the  diffused  wave  of  emo- 
tion. Suppose  the  cause  of  the  pain  to  be  a  needle 
pricking  its  foot ;  the  child  will  make  no  effort  to 
remove  that  needle,  because  the  link  between  such  a 
pain  and  such  an  action  has  not  yet  been  established, 
and  this  voluntary  effort  cannot  be  made.  Before  it 
can  make  such  an  effort  it  must  have  learned  to  locals 
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ise  its  sensations.  Every  surgeon  knows  that  the 
young  infant  may  be  allowed  to  haye  his  hands  free, 
when  operated  on,  because  it  cannot  with  its  hands  in- 
terfere with  the  knife,  not  as  yet  knowing  where  the 
seat  of  pain  is.  When,  later  on,  it  has  learned  to  local- 
ise its  sensations,  it  may  learn  what  actions  alleviate 
them.  A  baby  in  discomfort  from  some  itching  of  the 
nose  is  at  first  simply  restless ;  it  learns  to  rub  that 
nose  with  its  little  fist,  only  after  much  experience  of 
rubbings. 

Mr  Bain  relies  on  the  primary  fact  that  when  pain 
coexists  with  an  accidental  alleviating-movement,  or 
when  pleasure  coexists  with  a  pleasure -sustaining 
movement,  such  movements  become  subject  to  the 
control  of  the  respective  feelings  which  occur  in  their 
company.  It  is  a  primordial  law  that  we  shrink  from 
pain  and  cling  to  pleasure  ;  as  long  as  the  pain  is  un- 
aUeviated,  movements  are  kept  up ;  as  soon  as  one  par- 
ticular movement  brings  cessation  of  pain,  that  move- 
ment is  kept  up.  An  infant  lying  in  bed  has  the  pain- 
ful sensation  of  chilliness.  This  feeling  produces  the 
usual  emotional  display,  namely,  movement,  perhaps 
cries  and  tears.  In  the  course  of  a  variety  of  spon- 
taneous movements  of  arms  and  legs,  there  occurs  an 
action  that  brings  the  child  in  contact  with  the  nurse 
lying  beside  it ;  instantly  warmth  is  felt,  and  this 
alleviation  of  painful  feeling  becomes  immediately 
the  stimulus  to  sustain  the  movement  going  on  that 
momeut.  That  movement,  when  discovered,  is  kept 
up,  in  preference  to  the  others.    In  this  way  the  child 
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learns  to  connect  certain  sensations  witibi  certain  moYe^ 
ments,  and  at  a  year  old  will  draw  close  to  its  nnrse 
whenever  the  sensation  of  cold  comes  on,  eyen  during 
sleep.  "  It  is  an  original  property  of  onr  feelings  to 
pronipt  the  active  system  one  way  or  another,  but 
there  is  no  original  connection  between  the  several 
feeljngs  and  the  actions  that  are  relevant  to  each  par- 
ticular case.  To  arrive  at  this  goal,  we  need  all  the 
resources  of  spontaneity,  trial  and  error,  and  the 
adhesive  growth  of  the  proper  couples,  when  they  can 
once  be  got  together.  The  first  steps  of  our  volitional 
education  are  a  jumble  of  sjduttering,  stiimbling,  and 
all  but  despairing  hopelessness.  Instead  of  a  dear 
curriculum,  we  have  to  wait  upon  the  accidents,  and 
improve  them  when  they  come." 

No  one  will  withhold  his  assent  from  the  proposi- 
tion that  a  pain  increasing  in  company  with  any  move- 
ment must  tend  to  cause  the  arrest  of  that  movement ; 
or  that  pleasure  increasing  in  company  with  a  move- 
ment must  tend  to  cause  the  continuance  of  that  move- 
ment 

"  The  spontaneous  action  that  brings  a  limb  into  a 
painful  contact,  as  when  the  child  kicks  its  foot  upon 
a  pin  in  its  dress,  is  undoubtedly  from  the  earliest 
moment  of  mental  life  arrested.  Without  this  I  see 
no  possible  commencefnent  of  voluntary  power.  So  a 
movement  that  mitigates  a  pain  already  in  operation  is 
maintained,  as  long  as  the  creature  is  conscious  of 
diminished  suffering.  In  this  way,  the  arms,  hands, 
and  fingers  work  for  abating  sharp  agony,  provided 
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only  the  right  member  has  fotmd  its  way  into  action. 
No  provision,  as  I  have  often  said,  exists  at  the  dawn 
of  life  for  getting  the  right  member  into  play.  The 
infant  being  must  go  through  many  a  cycle  of  annoy- 
ance, because,  among  numerous  stimulants  to  action 
that  have  occurred,  the  right  one  has  been  omitted 
But  the  true  impetus  once  arising,  the  mind  is  aliye 
to  the  coincidence  of  this  with  decreasing  or  vanished 
pain  ;  just  as,  on  the  other  hand,  we  must  suppose  it 
alive  to  the  coincidence  of  some  other  movement  with 
an  aggravation  of  the  eviL  The  greater  the  pain,  the 
more  strongly  is  the  alleviatmg  movement  sustained 
when  once  under  way.  For  the  next  stage  of  the  pro- 
cess, the  establishment  of  a  connection  between  the 
pain  and  the  special  action,  we  must  fall  back  upon 
the  foundation  of  all  our  acquisitions,  namely,  the  force 
of  contiguous  association.  The  concurrence  of  a  par- 
ticular sensation,  as  a  prick  in  the  arm,  with  that  re> 
tracting  movement  which  rids  us  of  the  pain,  leads  to 
the  rise  of  an  adhesive  bond  between  the  two,  if  a  suf- 
ficient number  of  repetitions  have  occurred.  We  can- 
not say  how  many  instances  of  chance  conjunction  are 
requisite  to  generate  an  association  so  strong  as  to  take 
away  the  uncertainties  attending  the  spontaneous  dis- 
charge ;  all  the  circumstances  governing  the  rapidity 
of  contiguous  adhesion  would  have  to  be  taken  into 
account  in  this  case.  The  excitement  of  strong  pain 
on  the  one  hand,  or  of  strong  pleasure  on  the  other,  is 
a  favourable  moment  for  the  growth  of  an  association : 
and  probably  not  a  great  number  of  those  occasions 
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would  be  neoessaiy  to  convert  an  indioate  into  a  foil* 
fonned  Tolitioa  Fall-formed,  I  saj,  because  when  the 
supposed  pain  can  bring  into  plaj  the  proper  more- 
ment,  in  the  absence  of  all  spontaneous  tendency,  we 
haye  a  case  of  voluntary  power  complete  for  ail  the 
purposes  of  the  living  being.  The  ezam|>le  that  I  am 
now  discussing,  namely,  the  retractation  of  any  part  of 
the  body  from  a  painful  contact,  implies  a  very  numer- 
ous set  of  coincidences  between  local  pains  and  local 
movements.  For  all  contacts  on  the  back  of  the  hand, 
there  must  be  an  association  with  the  muscles  of 
flexion ;  for  the  palm,  the  extensor  muscles  must  be 
affected.  For  the  outside  of  the  arm,  the  tendency  to 
draw  it  towards  the  side  has  to  be  prompted.  And  so 
in  like  manner  for  every  part  of  the  body,  under  an 
irritating  smart,  there  must  be  a  formed  connection 
between  painful  sensation  arising  in  the  locality  and 
the  corresponding  movements  of  retractation.  This  is 
one  department  of  voluntary  acquisition,  and  consists 
of  a  multitude  of  couples  of  individual  sensations  and 
individual  movements,  joined  by  association,  after  being 
commenced  by  spontaneity.  For  the  dass  of  acnte 
pains  supposed  the  acquirement  is  perfect,  owing  in  a 
great  measure  to  the  simplicity  of  the  casa  It  is  not 
so  with  many  of  those  muscular  pains,  which  we  are 
professedly  considering  at  present,  although  in  the  fore- 
going illustration  we  have  departed  from  them,  and 
somewhat  anticipated  the  subject  of  sensation  at  large 
The  cramps  of  the  limbs  do  not  ordinarily  suggest  the 
alleviating  action.     Owing  partly  to  tl^e  rarity  of  the 
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feeling,  we  have  not  nsnaUy  a  fiill-fonned  volition 
which  enables  the  state  of  suffering  to  induce  the  alle- 
viating action,  and  consequently  we  are  thrown  upon 
the  primitive  course  of  trial  and  error.  This  instance 
shows,  by  contrast  with  the  preceding,  how  truly  our 
voluntary  powers  result  from  education.  An  established 
link  between  a  cramp  in  the  ball  of  the  leg,  and  the 
proper  actions  for  doing  away^with  the  agony,  is  quite 
as  great  a  desideratum  as  drawing  up  the  foot  when 
the  toe  is  pinched  or  scalded ;  yet  no  such  link  exists, 
nntil  a  melancholy  experience  has  initiated  and  ma- 
tured it  The  connection  in  the  other  case  is  so  well 
formed  from  early  years,  that  almost  everybody  looks 
upon  it  as  an  instinct,  yet  why  should  there  be  an 
instinct  for  the  lighter  forn\s  of  pain,  and  none  for  the 
severest  ?  The  truth  is,  that  the  good  education  in  the 
one  is  entirely  owing  to  our  being  more  favourably 
situated  for  making  the  acquisition/' 

Hitherto  we  have  seen  voluntary  actions  under  the 
guidance  of  sensations  only ;  let  us  now  observe  the 
ideal  guidanca  A  child  is  seated  at  table.  He  places 
his  hand  upon  the  bright  teapot,  and  the  pain  of  the 
bum  makes  him  withdraw  his  hand ;  again  the  bright- 
ness attracts  his  curious  fingers,  and  again  the  pain 
makes  him  desist.  After  a  certain  number  of  trials 
the  idea  of  the  pain  is  so  associated  with  that  of  the 
teapot,  that  the  chQd  no  longer  bums  himsel£  But 
he  has  thmst  his  hand  into  the  biscuit-plate,  and  finds 
this  action  rewarded  with  a  biscuit  instead  of  a  bum. 
On  repeating  it  he  is  scolded,  or  slapped,  or  put  into 
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the  comer — ^made  to  suffer  pais ;  and  if  this  pain  be 
always  inflicted  when  he  acts  thus,  he  will  soon  learn 
to  restrain  his  forays  upon  the  biscnita  This  link 
which  is  established  between  an  action  and  a  pain,  is 
an  ideal  link,  and  finds  its  place  in  memory ;  it  is  nearly 
as  firm  as  a  sensational  link.  The  supposition^  however, 
that  this  ideal  link  makes  the  action  voluntary,  as  dis- 
tinguished from  an  action  which  is  guided  by  a  sensa- 
tional link,  will  not  withstand  criticism. 

At  first  our  actions  are  guided  by  sensations ;  then 
by  the  ideal  representatives  of  those  sensations. 

"  Instead  of  an  actual  movement  seen,  we  have  for 
the  guiding  antecedent  a  movement  conceived,  or  in 
idea.  The  association  now  passes  to  those  ideal  notions 
that  we  are  able  to  form  of  our  various  actions,  and 
connects  them  with  the  actions  themselvea  All  that 
is  then  necessary  is  a  determining  motive,  putting  the 
action  in  request  Some  pleasure  or  pain,  near  or 
remote,  is  essential  to  every  volitional  effort,  or  every 
change  from  quiescence  to  movement,  or  from  one 
movement  to  another.  We  feel,  for  example,  a  painful 
state  of  the  digestive  system,  with  the  consequent 
volitional  urgency  to  allay  it ;  experience,  direction, 
and  imitation,  have  connected  in  our  minds  all  the 
intermediate  steps,  and  so  the  train  of  movements  is 
set  on.  On  the  table  before  us  we  see  a  glass  of 
liquid  ;  the  infant  never  so  thirsty  could  not  make  the 
movement  for  bringmg  it  to  the  mouth.  But  in  the 
maturity  of  the  will,  a  link  is  formed  between  the 
appreciated  distance  and  direction  of  the  glass,  and  the 


HOW  THOUGHTS  ARE  CONTBOLLED.  217 

movement  of  the  arm  up  to  that  point ;  and  nnder  the 
stimulus  of  pain,  or  of  expected  pleasure,  the  moyement 
is  executed." 

It  often  happens  that  we  are  conscious  of  ''an 
interval  of  suspense  between  the  moment  of  painful 
urgency  and  th6  moment  of  appeasing  action ; "  because 
the  reflex-feelings  are  many,  and  these  cross  and  re- 
cross  each  other,  so  that  no  one  of  them  issues  in 
action.  This  was  the  case  with  the  frog  which  we 
cited  just  now ;  instead  of  hopping  away  when  pinched, 
it  cowered  and  seemed  hesitating  as  to  its  escape. 

And  this  leads  us  to  consider  how  thoughts,  no  less 
than  actions,  can  be  controlled;  how  the  mind  has 
power  over  its  actions,  no  less  than  over  the  actions 
of  the  body.  The  fact  that  we  can,  in  some  degree, 
control  the  thoughts,  is  indisputable ;  how  we  do  so  is 
not  so  clear. 

The  power  of  keeping  up  one  train  of  thought,  is 
analogous  to  that  of  keeping  up  one  course  of  muscular 
action.  We  cling  to  certain  ideas  because  they  are 
pleasant,  or  interest  us,  or  because  some  remote  pain 
or  pleasure  stimulates  us ;  and  we  repress  all  other 
thoughts  as  they  arise,  just  as  we  should  repress  move- 
ments which  disturbed  a  pleasurable  sensation.  It  is 
notorious  that  we  cannot  call  up  any  one  idea  at  will ; 
but  having  once  got  hold  of  the  idea,  we  can  keep  it 
before  the  mind.  What  Mr  Bain  has  said  when 
treating  of  the  intellectual  process  named  by  him  ''  con- 
structive association,"  seems  to  us  the  true  explanation 
of  all  command  over  the  thought : — 

VOL.  II.  K 


218  THE  MIND  AND  THE  BRAIN. 

''When  Watt  invented  his  '  parallel  motion '  for  the 
steam-engine,  his  intellect  and  o)>ser7ation  were  kept 
at  work,  going  out  in  all  directions  for  the  chance  of 
some  suitable  combination  rising  to  view ;  his  sense  of 
the  precise  thing  to  be  done  was  the  constant  touch- 
stone of  every  contrivance  occurring  to  him,  and  all 
the  successive  suggestions  were  arrested,  or  repelled, 
as  they  came  near  to,  or  disagreed  with,  this  touch- 
stona  The  attraction  and  repulsion  were  purely  voli- 
tional effects  ;  they  were  the  continuance  of  the  veiy 
same  energy  that,  in  his  babyhood,  made  him  keep  hia 
mouth  to  his  mother's  breast  while  he  felt  hunger  un- 
appeased,  and  withdraw  it  when  satisfied,  or  that  made 
him  roll  a  sugary  morsel  in  his  mouth,  and  let  drop 
or  violently  eject  what  was  bitter  or  nauseous.  The 
promptitude  that  we  display  in  setting  aside  or  ignor- 
ing what  is  seen  not  to  answer  our  present  wants, 
is  volition,  pure,  perennial,  and  unmodified;  the  power 
seen  in  our  infant  struggles  for  nouiishment  and 
warmth,  oi:  the  riddance  of  acute  pain,  and  presiding 
over  the  last  endeavours  to  ease  the  agonies  of  suffering 
No  formal  resolution  of  the  mind,  adopted  after  consi- 
deration or  debate,  no  special  intervention  of  the  '  ego,' 
or  the  personality,  is  essential  to  this  putting  forth  of 
the  energy  of  retaining  on  the  one  hand,  or  repudiating 
on  the  other,  what  is  felt  to  be  clearly  suitable,  or 
clearly  unsuitable,  to  the  feelings  or  aims  of  the 
moment.  The  inventor  sees  the  incongruity  of  a  pro- 
posal, and  forthwith  it  vanishes  from  his  view.  There 
may  be  extraneous  considerations  happening  to  keep  it 
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up  in  spite  of  the  yolitional  stroke  of  repudiation,  but 
the  genuine  tendency  of  the  mind  is  to  withdraw  all 
further  consideration,  on  the  mere  motive  of  unsuit- 
ability ;  while  some  other  scheme  of  an  opposite  nature 
is,  by  the  same  instinct,  embraced  and  held  fast  In 
all  these  new  constructions,  be  they  mechanical,  verbal, 
scientific,  practical,  or  essthetical,  the  outgoings  of  the 
mind  are  necessarily  at  random  ;  the  end  alone  is  the 
thing  that  is  clear  to  the  view,  and  with  that  there  is 
a  perception  of  the  fitness  of  every  passing  suggestion. 
The  volitional  energy  keeps  up  the  attention,  or  the 
active  search,  and  the  moment  that  anything  in  point 
rises  before  the  mind,  springs  upon  that  like  a  wild 
beast  on  its  prey/' 

Nowhere  has  Mr  Bain  expressed  himself  categorically 
respecting  the  difference  between  voluntary  and  in- 
voluntary actions ;  but  he  assumes  the  difference,  and, 
implicitly  at  least,  he  makes  it  depend  on  the  establish- 
ment of  the  link  of  feeling.  "  Voluntary  actions,^  he 
says,  in  the  nearest  approach  to  a  definition  we  can 
recall,  "  are  distinguished  from  reflex  and  spontaneous 
activity  by  the  directive  intervention  of  a  feeling  in 
their  production."  In  denying  the  intervention  of 
sensation  in  reflex*actions,  he  only  follows  the  current 
theory ;  but  unless  he  separates  the  involuntary  from 
reflex  and  spontaneous  actions,  he  falls  into  manifest 
contradiction  with  his  own  principles,  in  making  the 
intervention  of  feeling  the  mark  of  a  voluntary  act 
We  have  endeavoured  to  show  that  both  voluntary 
and  involuntary  actions  are  reflex,  following  upon  the 
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stimiiltis  given  to  their  ceDtres,  that  stimulus  being 
sensational  or  ideational  Nor  is  this  all:  tiiey  are 
botii  capable  of  being  brought  nnder  cotdrol — ^that  is 
to  say,  of  being  restrained  or  originated  by  the  influ- 
ence of  some  other  centra  That  we  do  not  habitually 
control  (that  is,  interfere  with)  the  action  of  the  hearty 
the  contraction  of  the  iris,  or  the  activity  of  a  ^and,  is 
trae ;  it  is  on  this  account  that  such  actions  are  called 
involuntary ;  they  obey  the  immediate  stimulus.  Bat 
it  is  an  error  to  assert,  as  most  physiologists  and 
psychologists  persist  in  asserting,  that  these  actions 
cannot  be  controlled,  that  they  are  altogether  beyond 
the  interference  of  other  centres,  and  cannot  by  any 
effort  of  ours  be  modified.  It  is  an  error  to  suppose 
these  actions  are  essentially  distinguished  &om  the 
voluntary  movement  of  the  hands.  We  have  acquired  a 
power  of  definite  direction  in  the  movements  of  the 
hands,  which  renders  them  obedient  to  our  will ;  but 
this  acquisition  has  been  of  slow  laborious  growth.  If 
we  were  asked  to  use  our  toes  as  we  use  our  fingers — 
to  grasp,  paint,  sew,  or  write  with  them,  we  should 
find  it  not  less  impossible  to  control  the  movements  of 
the  toes  in  these  directions,  than  to  contract  the  iiis,  or 
cause  a  burst  of  perspiration  to  break  forth.  Certain 
movements  of  the  toes  are  possible  to  us ;  but  unless 
the  loss  of  our  fingers  has  made  it  necessary  that  we 
should  use  our  toes  in  complicated  and  slowly  acquired 
movements,  we  can  do  no  more  with  them  than  the 
young  infant  can  do  with  his  fingers.  Yet  men  and 
women  have  written,  sewed,  and  painted  with  their 
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toea  All  that  is  required  is  that  certain  links  should 
be  established  between  sensations  and  iDOvements ;  by 
continual  practice  these  links  are  established ;  and 
what  is  impossible  to  the  majority  of  men,  becomes 
easy  to  the  individual  who  has  acquired  this  power. 
This  same  power  can  be  acquired  over  what  are  called 
the  organic  actions;  although  the  habitual  needs  of 
life  do  not  tend  towards  such  acquisition,  and  without 
some  strong  current  setting  in  that  direction,  or  some 
peculiarity  of  organisation  rendering  it  easy,  it  is  not 
acquired.  In  ordinary  experience  the  number  of  those 
who  can  write  with  their  toes  is  extremely  rare,  the 
urgent  necessity  which  would  create  such  a  power 
being  rare ;  and  rare  also  are  the  examples  of  those 
who  have  any  control  over  the  movement  of  the  iris, 
or  the  action  of  a  gland  ;  but  both  rarities  exist 

It  would  be  difficult  to  choose  a  more  striking  ex- 
ample  of  reflex-action  than  the  contraction  of  the  iris 
of  the  eya  under  the  stimulus  of  light ;  and  to  ordinary 
men,  hayiDg  no  link  established  which  woold  guide 
them,  it  is  utterly  impossible  to  close  the  iris  by  any 
effort  It  would  be  not  less  impossible  to  the  hungry 
child  to  get  on  the  chair  and  reach  the  food  on  the 
table,  until  that  child  had  learned  how  to  do  so.  Yet 
there  are  men  who  have  learned  how  to  contract  the 
iris.  The  celebrated  Fontana  had  this  power  ;  which 
is  possessed  also  by  a  medical  man  now  living  at  Kil- 
marnock— Dr  Paxton — a  fact  fiuthenticated  by  no  less 
a  person  than  Dr  Allen  Thomson.*    Dr  Paxton  can 

*  Olatffow  Medical  Journal,  1867,  p.  451. 
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contract  or  expand  the  iris  at  will,  without  ctianging 
the  position  of  his  eye,  and  without  an  effort  of  adap- 
tation to  distance. 

To  move  the  ears  is  impossible  to  most  men.  Yet 
some  do  it  with  ease,  and  all  can  learn  to  do  it  Some 
men  have  learned  to  *'  ruminate ''  their  food ;  others  to 
Yomit  with  ease  ;  and  some  are  said  to  have  the  power 
of  perspiring  at  will  *  That  many  glands  are  under 
the  influence  of  the  Will — ^in  other  words,  that  we  can 
stimulate  them  to  secretion  by  a  mere  ideal  stimulus- 
is  too  well  known  to  need  instance  hera  Even  the 
beating  of  the  heart  can  be  arrested.  The  heart  has 
its  own  nervous  system.  The  minute  ganglia  imbedded 
in  its  substance  regulate  its  rhythmic  movements  ;  and 
long  after  death  the  heart  is  seen  to  beat  But  although 
thus  independent,  it  is  also  dependent:  its  nervous 
system  is  in  connection  with  the  spinal  chord  and 
brain  ;  and  influences  from  these  will  act  upon  it  (see 
p.  147).  Thus  it  is  that  emotions  agitate  the  heart ; 
the  disturbance  of  its  movements  comes  from  the  inter- 
ference of  brain  or  chord.  Now,  if  once  we  recognise 
a  channel  of  sensation,  we  recognise  a  possible  source 
of  control ;  and  if  the  daily  needs  of  life  were  such  that 
to  fulfil  some  purpose  the  action  of  the  heart  required 
control,  we  should  learn  to  control  it.  Some  men 
have,  without  such  needs,  learned  how  to  control  it 
The  eminent  physiologist,  E.  F.  Weber  of  Leipzig, 
found  that  he  could  qpmpletely  check  the  beating  of 

•  Mater  :  Die  eUmentarorganuaiion  de$  Seelenorgatu,  p.  12,  is  the 
authority  for  the  last  statement. 


VOLUNTARY  OR  INVOLUNTART  ?        223 

his  heart  By  suspending  his  breath,  and  violently 
contracting  his  chest,  he  could  retard  the  pulsations  ; 
and  after  three  or  five  beats,  unaccompanied  by  any  of 
the  usual  sounds,  it  was  completely  stilL  On  one  occa- 
sion he  carried  the  experiment  too  far,  and  fell  into  a 
syncopa  Cheyne,  in  the  last  century,  recorded  a  case 
of  a  patient  of  his  own  who  could  at  will  suspend 
the  beating  of  his  pulse,  and  always  fainted  when 
he  did  so. 

It  thus  appears  that  even  the  actions  which  most 
distinctly  bear  the  character  recognised  as  involun- 
tary— ^uncontrollable — ^are  only  so  because  the  ordinary 
processes  of  life  furnish  no  necessity  for  their  control. 
We  do  not  learn  to  control  them,  though  we  could  do 
so,  to  some  extent ;  nor  do  we  learn  to  control  the 
motions  of  our  ears  and  toes,  although  we  could  do  so. 
And  while  it  appears  that  the  involuntary  actions  can 
beconpie  voluntary,  it  is  familiar  to  all  that  the  voluntaiy 
actions  tend,  by  constant  repetition,  to  become  invol- 
untary, and  are  then  called  secondarily  automatic. 

The  conclusion  at  which  we  arrive  is  this :  Popu- 
lar language  conveniently  classes  actions  as  voluntary 
when  a  distinct  conception  of  the  object  to  be  achieved 
accompanies  or  originates  them.  But  Pyschology  and 
Physiology,  descending  deeper  than  such  classifications, 
and  analysing  the  process  which  takes  place  in  the 
organism,  declare  that  aU  actions  whatever  are  the 
responses  of  organs  to  the  stimulus  of  their  nerve- 
centres.  Whether  the  action  be  the  movement  of  a 
muscle  or  the  secretion  of  a  gland,  it  is  finally  deter- 
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mined  by  the  centre  from  which  the  organ  is  supplied. 
This  centre  may  be  stimulated  by  a  sensory  nerre 
going  from  the  surface— as  when  the  salivary  gland 
pours  out  its  secretion  after  the  stimulus  of  food,  or 
the  limb  contracts  on  the  stimulus  of  pain.  The  centre 
may  also  be  stimulated  by  the  action  of  some  other 
centre:  as  when  the  idea  of  food  causes  a  flow  of 
saliva ;  or  an  irritation  of  the  salivaiy  gland  causes 
a  flow  of  gastric  juice.  But  whether  the  action  result 
from  a  direct  or  an  indirect  stimulus,  it  is  always  the 
same  response  of  an  organ  to  its  centre ;  whether  the 
starting-point  be  an  idea,  or  a  sensation,  the  final  issue 
is  an  excitation  of  the  particular  centre,  and  the  response 
of  a  particular  action.*  We  cannot  separate  some 
actions  from  others,  and  call  them  voluntary  merely 
because  they  are  dependent  on  a  link  of  feeling,  since 
all  actions  are  dependent  on  sensation.  And  if  any 
reader  objects  to  such  a  conclusion  on  the  groimd  that 
it  makes  the  Soul  animate  the  whole  body,  and  preside 
over  all  its  actions,  not  simply  over  a  few  of  them — ^if 
he  objects  that  we  are  thereby  retrograding  towards 
the  doctrine  of  Stahl— our  reply  is :  we  must  follow 
Logic  whither  Logic  leads.   Any  reader  who  is  uncom- 

*  In  the  valuable  work  by  M.  Landrt — TraiU  du  Paralysies,  the 
first  part  of  which  appeared  while  these  sheets  were  at  the  printer'*— 
there  is  a  view  of  voluntary,  involuntary,  and  reflex  actions,  almost 
identical  with  the  one  given  above.  Indeed,  although  M.  L^ndrt's 
language,  and  his  psychological  opinions  generally,  accord  with  cur- 
rent doctrines,  the  physiological  conclusions  to  which  his  reeeardkes 
have  conducted  him  agree,  in  the  main,  with  those  I  have  endeavoured 
to  establish 
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fortable  at  the  idea  of  retrograding,  who  is  imwilling 
to  believe  that  all  the  phenomena  of  his  sensitive 
organism  have  one  common  source,  one  kindred  na- 
ture, and  one  common  name — ^the  soul — ^is  at  perfect 
liberty  to  try  and  reach  some  other  conviction  which, 
besides  being  more  agreeable  to  his  feelings,  will  bet- 
ter explain  the  facts.  It  is  a  topic  on  which  no  man 
will,  wisely,  dogmatise.  The  veil  of  mystery  will  never 
be  lifted.  We  who  stand  before  that  veil,  and  specu- 
late as  to  what  is  behind  it,  can  but  build  systems ; 
we  cannot  see  the  truth. 

VL  The  Spinal  Ohobd  as  a  Sensational,  Voli- 
tional Centbe. — The  ground  has  now  been  fairly 
cleared  for  a  most  important  inquiry,  one  not  only 
essential  to  the  argument  against  the  Brain  as  the 
exclusive  organ  of  the  Mind,  but  also  essential  to 
the  right  understanding  of  most  questions  relating 
to  nervous  phenomena.  It  was  necessary  that  we 
should  first  come  to  a  distinct  understanding  about  the 
Seflex-Theory ;  because  while,  on  the  one  hand,  that 
Theory  relied  for  support  on  the  facts  which  showed 
that  the  Spinal  Chord  was  an  independent  centre,  act- 
ing as  well  without  the  Brain  as  with  it — and  hence 
its  actions  were  assumed  to  be  independent  of  sensa- 
tion ; — on  the  other  hand,  the  facts  which  unequivo- 
cally declare  that  the  Spinal  Chord  is  a  sensational 
centre,  were  set  aside,  and  explained  away,  as  being 
"merely  reflex."  To  prove  that  reflex-actions  are 
independent  of  sensation,  it  is  first  necessary  to  prove 

VOL.  n.  8 
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upon.  We  have  no  difficulty  in  understanding  that^ 
because  the  organic  apparatus  with  which  the  optic 
centre  is  connected,  differs  from  that  of  the  auditory 
centre,  the  forms  of  Sensibility  excited  in  these  centres 
will  be  different.  Nor  should  we  have  any  difficulty 
in  understanding  why  a  ray  of  light  acting  on  the 
optic  centre  must  excite  a  different  form  of  Sensibility 
from  that  which  would  be  excited  by  its  acting  on  the 
Cerebrum  ikrough  the  optic  centre,  i,e,  giving  the  9enr 
sation  of  light  in  the  one  case,  and  the  perception  of 
light  in  the  other. 

By  this  explanation  I  have  endeavoured  to  make  it 
clear  how  the  forme  of  Sensibility  excited  in  the  cere- 
bral hemispheres  must  necessarily  be  in  many  respects 
unlike  those  excited  in  the  ganglia,  which  are  direcUy 
stimulated  by  sensory  nerves.  The  difference  between 
a  perception  of  sound  and  a  sensation  of  sound  is  as 
great  as  the  difference  between  the  sensation  of  pain 
when  a  skin-nerve  is  divided,  and  the  sensation  of  a 
flash  of  light  when  the  optic  nerve  is  divided 

The  Sensibilities  of  the  Cerebrum  are  usually  grouped 
under  two  general  heads — Intellect  and  Emotion. 
Hitherto  it  has  been  mysterious  how  an  organ  so 
homogeneous  as  the  Cerebrum,  wherein  each  convolution 
is  but  a  repetition  of  the  others,  should  nevertheless 
serve  functions  so  various  as  those  of  the  InteUect  and 
the  Emotions.  Even  those  who  reject  the  phrenological 
localisation  of  the  separate  faculties,  admit  that  the 
front  part  of  the  Cerebrum  seems  specially  devoted  to 
the  Intellect,  and  the  middle  and  back  parts  to  the 
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Emotions  and  Instincts.  Bat  neither  phrenologists, 
nor  their  antagonists,  to  my  knowledge,  have  had  any 
scientific  expLmation  to  o£Fer ;  and  as  the  views  advo- 
cated in  these  pages  seem  to  me  to  present  a  possible 
elnddation  of  the  difficulty,  I  wiU  first  state  the  objec- 
tion, and  then  endeavour  to  remove  it. 

The  convolutions  of  the  Cerebrum  are  everywhere 
similar  and  continuous,  like  so  many  folds  in  a  piece  of 
velvet  They  are  not  separate  ;  they  are  not  different ; 
they  are  identical  Why,  then,  can  we  suppose  they 
are  the  organs  of  very  different  functions  ?  We  do  not 
imagine  that  one  lobe  of  the  liver,  or  lobule  of  the 
kidney,  plays  a  different  part  &om  that  of  its  fellows ; 
why,  then,  do  we  imagine  that  one  convolution,  or 
group  of  convolutions,  can  be  devoted  to  reasoning,  and 
another  to  loving,  one  to  the  perception  of  colours,  and 
another  to  an  instinct  ? 

The  phrenologists  evade  this  difficulty  by  saying 
that  "observation  teaches  them  the  facts  are  so/' 
Without  here  disputing  this  assertion,  I  must  remark 
that  it  in  no  way  removes  the  scientific  difficulty  ;  and  as 
Phrenology  professes  to  be  the  Physiology  of  the  Brarn, 
it  is  bound  to  connect  its  observations  with  some  scien- 
tific explanation  of  the  nervous  mechanism  involved. 

We  need  not  evade  the  difficulty ;  for  if  Function 
be  determined  by  anatomical  connection,  it  is  clear  that, 
although  the  Cerebrum  may  be  one  homogeneous  struc- 
ture, it  will  have  various  functions  if  it  be  connected 
with  various  organs.  Assuming  that  every  convolution 
has  the  same  general  property  of  Sensibility,  our  prin- 
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ciplea  lead  to  the  condusiou  that  the  peculiar  kind 
of  Sensibility  excited  in  each  will  depend  upon  the 
nature  of  the  stimulus  ;  and  the  nature  of  the  stimulus 
will  of  course  be  determined  by  the  organic  apparatus 
effecting  it.  A  stimulus  through  the  optic  centre  must 
be  different  from  a  stimulus  through  the  gustatoiy 
centre ;  and  both  of  these  must  be  different  from  a 
stimulus  through  the  viscera.  The  stimulus  received 
through  the  centre  of  Perception,  will  necessarily  differ 
from  that  received  through  the  centre  of  the  Appetites  ; 
and  thus,  widely  as  an  Idea  differs  from  an  Emotion, 
they  are  both  peculiar  forms  of  Sensibility. 

Although  the  general  relations  of  the  cerebral  con- 
volutions are  thus  indicated,  it  would  require  an  en- 
tirely new  investigation  of  the  anatomy  of  the  Brain 
to  carry  this  into  detail  For  the  present  our  knowledge 
is  too  imperfect  to  admit  even  of  an  attempt  at  detail 
I  will,  however,  venture  to  suggest  the  point  of  view 
which  might  direct  inquiry.  If  we  ask  what  are 
the  chief  divisions  into  which  all  psychical  pheno- 
mena group  themselves,  we  shall  find  that  the  popular 
classification  into  Thinking  and  Feeling,  or  Mental  and 
Moral,  lucidly  and  broadly  indicates  the  primary  groups 
Let  us,  ideally,  decompose  these  into  six  centres,  three 
for  each  division.  In  the  first  group  we  may  place 
Sensations,  Perceptions,  and  Ideas — the  various  com- 
binations of  which  represent  intellectual  activity.  In 
the  second  group  we  may  place  Sensations,  Instincts, 
or  Appetites  and  Emotions — ^the  various  combinations 
of  which  represent  moral  activity. 
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Sensation  thus  forms  the  point  of  departure  for  each 
series.  But  we  have  already  seen  that  there  are  various 
kinds  of  sensation,  and  that  these  fall  into  two  dis- 
tinguishable groups — namely,  Sense-sensations  and 
Systemic-sensationa  The  first  are  derived  through  the 
organs  of  special  Sense,  i.  e.  Sight,  Hearing,  Taste, 
Smell,  and  Touch.  The  second  are  derived  from  the 
Viscera^  Muscles — ^in  a  word,  from  the  system  at  large. 
The  first  may  almost  be  considered  as  impersonal,  be- 
cause they  bring  us  into  conscious  relation  with  exter- 
nal objects — ^with  the  Not-self.  The  second  are,  on  the 
contrary,  intensely  personal,  because  they  do  not  bring 
us  into  conscious  relation  with  external  objects,  but 
only  with  what  is  passing  within  our  bodie&  Season 
has  often  been  considered  impersonal,  but  no  one  ever 
considered  Emotion  to  be  so.  The  intellectual  opera- 
tions always  imply  an  externality  ;  even  when  we  are 
speculating  about  our  own  feelings  or  mental  operar 
tions,  we  always  view  them  as  if  apart  from  ourselvea 
The  Emotions  have  a  deeper  root  in  personality.  Every 
man,  unless  he  be  a  subtle  psychologist,  believes  that 
the  redness  is  in  the  rose,  the  sweetness  in  the  apple, 
and  the  loudness  in  the  thunder.  But  no  man,  not 
even  the  psychologist,  believes  that  the  love  or  hate,  the 
fear  or  reverence,  the  desire  or  disgust,  which  moves 
him,  belongs  to  the  object  which  excites  the  feeling. 

This  externality  of  the  Sense-sensations,  and  inter- 
nality  of  the  Systemic-sensations,  creates  a  broad  line 
of  demarcation  between  the  Perceptions  which  arise 
from  the  one,  and  the  Appetites,  or  Instincts,  which 
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arise  from  the  other ;  and  these,  in  turn,  issue  in  the 
very  different  forms  of  Sensibility  known  respectiyely 
as  Thought  and  Emotion. 

It  has  never  been  doubted  that  our  percqitions  and 
ideas  have  their  origin  in  sensations.  The  old  philo- 
sophic adage  that  nothing  is  in  the  intellect  which  was 
not  previously  in  the  sense,  may  be  equivocal,  from  a 
restricted  use  of  the  word  sense ;  but  it  points  to  the 
well-authenticated  fact,  that  sensation  lies  at  the  bads 
of  all  intellectual  operation.  I  feel  myself  justified, 
therefore,  in  considering  Ideation  as  the  form  of  cere- 
bral sensibility,  which  is  determined  by  the  cerebral 
connections  with  the  ganglia  of  special  Sense.  In 
like  manner,  Emotion  may  be  considered  as  the  fonn 
of  cerebral  sensibility  which  is  determined  by  connec- 
tions with  the  ganglia  of  visceral  sensation.  It  was 
formerly  believed  that  the  heart,  the  liver,  and  the 
spleen,  were  seats  of  the  passions ;  popular  language 
still  preserves  this  notion ;  but  Bichat  was  the  last 
great  anatomist  who  countenanced  the  doctrine.  Since 
that  doctrine  has  fallen  into  discredit  there  has  been 
an  undue  neglect  of  the  important  fact  which  it  endeav- 
oured to  explain,  namely,  the  immediate  influence  exer- 
cised over  the  emotions  by  the  condition  of  the  viscera, 
and  the  influence  exercised  over  the  viscera  by  the  state 
of  the  emotions.  Both  the  ancient  and  the  modem  doc- 
trine are  reconciled  in  the  view  I  have  put  forth,  which 
makes  the  viscera  the  main  source  of  emotions,  just 
as  the  organs  of  sense  are  the  main  source  of  idea& 

Although  the  mental  phenomena  are  thus  grouped 
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uBder  two  primaiy  and  six  secondary  divisions,  to  which 
anatomy  may  one  day  assign  corresponding  parts  of 
the  nervous  apparatus,  we  must  never  lose  sight  of  the 
fact,  that  there  is  perpetual  action  and  interaction  be- 
tween the  various  centres.  But  this  consideration  leads 
us  into  the  domain  of  Psychology,  and  we  must  there- 
fore pause  here.  It  is  not  for  us  to  attempt  to  unravel 
the  tangled  mystery  of  mental  operations.  We  have 
not  been  able  to  do  more  than  indicate  in  a  very  general 
manner  the  relations  existing  between  the  Mind  and 
the  Brain  ;  and  having  done  so,  we  have  now  to  ask^ 
whether  the  cerebral  hemispheres  have  any  other  fimo* 
tions  ?  I  think  they  have ;  but  as  physiologists  have 
not  directed  their  attention  in  this  direction,  there 
are  no  experiments  on  record  to  throw  light  on  it. 
Lallemand  conceives  that  there  must  be  some  necessary 
dependence  of  the  Spinal  Chord  on  the  Cerebrum  in 
the  higher  animals,  and  it  is  to  this  he  attributes  the 
fact,  certainly  significant,  that  children  bom  without  a 
brain  never  live  more  than  three  or  four  days :  they 
do  not  die  of  starvation,  for  they  swallow  food  quite 
welL  He  also  observes  that  the  movements  of  these 
brainless  children  are  much  feebler  than  those  of  others 
at  the  same  age.*  One  might,  indeed,  suspect  the 
cause  to  lie  deeper;  the  same  cause  which  deter- 
mined the  malformation  may  determine  the  feeble 
vitality.  But  Lallemand's  idea  is  strengthened  by  the 
observation  of  Flourens^i*  that  removal  of  the  cerebrum 

*  Quoted  by  Sollt  On  the  Brain,  p.  455. 
t  Flourens:  Recherdut,  p.  129. 


120  THE  MIKB  AND  THE  BBAIN. 

retards  digestion  ;  and  by  the  familiar  fact  of  the  inti- 
mate sympathy  between  the  Mind  and  all  the  oiganic 
functions. 

It  is  perhaps  on  this  ground  that  we  may  ezplun  the 
disproportion  between  the  mental  activity  and  the  size 
of  brain  in  certain  animals.  The  elephant  has  a  brain 
three  times  heavier  than  that  of  man  ;  and  that  of  the 
whale  is  nearly  twice  as  heavy  as  that  of  man.  It  is 
true  that  in  the  elephant  and  whale  the  cerebnun  is 
not  so  much  greater  than  the  other  parts,  as  is  the  case 
in  man,  in  whom,  as  we  saw,  it  is  eight  times  the  size 
of  the  other  parts  ;  nevertheless  the  preponderance  of 
the  cerebrum  is  considerable,  and  there  is  certainly  no 
preponderance  of  mental  power  to  correspond  with  it. 
When,  however,  we  conceive  the  cerebrum  as  the  chief 
nervous  centre  having  dominion  over  aU  others — when 
we  assign  to  it  participation  in  other  functions  besides 
those  of  mental  activity,  the  immense  size  of  the  body 
of  the  elephant  and  whale  seems  to  justify  an  equivalent 
development  of  the  cerebrum. 

On  this,  however,  we  must  be  content  with  hjrpo- 
thesea  Science  has  no  carefully-collated  hcts  to  justify 
us  in  anything  beyond  a  general  surmise  that  the 
cerebral  hemispheres  .have  more  than  an  intellectual 
and  volitional  part  to  play :  that  they  are  directly  con- 
nected with  the  functions  of  intelligence,  no  reasonable 
man  will  doubt ;  and  having  arrived  at  this  conda- 
sion,  we  will  now  pass  on  to  the  examination  of  the 
other  centres,  by  anatomists  grouped  together  under 
the  general  term  Brain. 
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THE  MIND   AND   THE   BRAIN. 

SECTION  n. — THE  CESEBELLUH  AND  MISDULLA  OBLONGATA. 

Description  of  the  CerebeUmn — ^Gall's  hypotheda — ^Experiments  of 
Flourens  to  prove  that  the  CerebeUmn  co-ordinates  muscular  move- 
ments :  aiig^uments  against  such  an  hypothesis — Flat  contradictions 
— ^The  experiments  of  Sohiff — Evidence  famished  by  Comparative 
Anatomy ;  and  by  Disease— Absence  of  the  Cerebellum  not  acoom- 
panied  by  absence  of  co-ordination :  Combette's  case — The  Cere- 
bellum as  a  seat  of  sensation  and  volition — Has  the  Cerebellum  any 
share  in  intellectual  operations  ? — Description  of  the  Medulla  oblon- 
gata— ^Is  the  Medulla  distinct  from  the  Spinal  Chord  ? — The  Medulla 
a  seat  of  volition — Why  it  is  considered  a  seat  of  sensation — Is  there 
a  "vital  point?" — ^Blxperiments  of  Flourens  contradicted  by  the 
experiments  of  Schiff  and  Brown-S^uard — Influence  of  the  Medulla 
on  the  hearths  action — ^Why  a  "  shock"  of  grief  or  joy  causes  death — 
Pain  the  cause  of  death — Summary  of  the  functions  of  the  Brain. 

Afteb  the  Cerebrum,  or  big  brain,  our  attention 
must  be  claimed  by  the  Cerebellum,  or  little  brain, 
which,  in  man,  lies  underneath  the  greater  mass,  as 
seen  in  Fig.  61,  2,  p.  122.  The  two  organs  present 
some  differences  in  structure,  but  they  agree  in 
principal  points:  they  are  both  composed  of  grey 
matter  externally,  and  internally  of  white  matter. 
The  convolutions  of  the  Cerebellum  are  more  com- 
VOL.  n.  I 
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pressed,  and  hare  the  appearance  of  leaflets.    like  the 
F^.  61.  Cerebnim,  it  is  to- 

tally inaenfflble  to 
pricks  or  pinch- 
ea  Its  relation  to 
the  other  centres 
is  ronghly  indicat- 
ed in  thisdiagtam 
(Fig.  52). 

Gall,  to  whom 
we  owe  BO  great  a 
debt  for  the  im- 
JJ^         P°ls«  he  gave  to 
°^'™«"^  the  study  of  the 

Fig.  S'i.  nervous  system,  as- 

signed the  sexu- 
al instinct  to  the 
Cerebellnin.  This 
hypothesis,  after 
having  been  exten- 
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now,  I  believe,  re- 
jected by  all  good 
physiologists;  and 
we    must  declare 

DlAOUV  OF  VlHTIClL  BeCTIOH  Or  THE  BhIIH. 

J.    OirubHT   Qjingiloii:   %    thn    Cmbml    Hsml-  wlth    Longet  that 
aphen ;  3,  Coriiu*  Striitiun  ;  *,  OpUc  TludmmiM ; 

S,    TnbaicuEs  quulijaemiu :    a,    CarfbcUiim ;  a  Calm    BUTVeT   Of 

I,  Oioglion  of  the   Pom   Varolii ;  &.    Oliv.rj  "' 

Urfy    or  Qanglion  In  Oi«  Mfdnll.  OWodgUi  the  evidenOB  forCCS 
TTie  ItnM  (how  tbs  dlreclion  olthe  Bbm. 

(After  Dsiion. )  the  oonclusionthat 

neither  Anatomy  nor  Pathology,  neither  Experiment 


oall'8  hypothesis.  123 

nor  Comparative  Anatomy,  justifies  our  assigning  the 
sexual  instinct  to  the  Cerebellum.* 

It  is  extremely  probable  that  an  antagonism  to  Phre- 
nology, and  a  desire  to  find  it  in  the  wrong,  has  con- 
siderably sharpened  the  wits  of  physiologists,  in  the 
inyestigation  of  this  point,  making  them  at  once  more 
patient  in  research,  and  more  circumspect  in  interpre- 
tation, than  they  are  wont  to  be  when  no  doctrine  is 
at  stake.  If  a  little  of  this  animus  had  moved  them 
to  scrutinise  more  closely  the  hypothesis  first  pro- 
pounded by  Flourens,  it  would  never  have  obtained 
the  too  facile  acquiescence  of  Europe  ;  and  our  science 
would  have  been  burdened  with  one  error  les&  But 
there  was  nothing  at  stake  in  the  hypothesis  that  the 
Cerebellum  was  the  organ  of  muscular  co-ordination — 
nothing  but  Truth ;  and,  unhappily,  the  desire  for  Truth 
does  not  move  the  passions  of  men  with  the  same 
energy  as  a  desire  to  attack  or  defend  a  system. 

If  there  is  a  position  which  our  text-books  represent 
as  impregnable,  it  is  that  the  co-ordination,  or  regula- 
tion, of  muscular  movements  is  the  peculiar  function 
of  the  Cerebellum.  It  seems  looked  on  as  a  first  truth. 
The  experiments  of  Flourens  and  Bouillaud  are  con- 
sidered as  having  established  the  point  beyond  dispute.f 
With  what  justice  we  will  now  inquira 

*  LovaET :  TraiiS  de  Phytiol.  ii. ;  Lelut  :  Rejd  d€  la  do^rvMCfrgomr 
ologiqwe;  Lbuket  ei  Gratiolbt  :  Anat  Cowp.  du  SyitktM  Nerveux^ 
i  427,  M,  Dr  Carfehtbb  has  also  coUeoted  evidenoe  on  this  point 
in  his  Human  Physiology. 

t  Floubbns  :  Me^ereket,  &o.  BomLLAUD :  Jteehercket  teHdani  d 
r^fuUr  ropinian  de  M.  Oall  iur  letfonetioTu  du  CerveUt,  1827.  Although 
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Hourens  remoyed,  by  successiye  slices,  the  Gerebelr 
lam  of  a  goosa  With  the  first  slices  he  noted  hesita- 
tion and  want  of  harmony  in  the  movements  of  the 
bird ;  with  the  second  slices  the  walk  became  a  stagger ; 
with  the  final  slices  all  power  of  locomotion,  all  power 
of  retaining  the  equilibrium  of  the  body,  disappeared. 
Throughout  these  operations  the  intellectual  and  sen- 
sitiye  faculties  were  undisturbed.  "  The  Cerebellum, 
therefore,"  concludes  Hourens,  ''  is  the  seat  of  the  co- 
ordination of  muscular  moyement ;  but  not  the  seat  of 
intelligence,  sensation,  yolition.  The  Cerehromf edi 
and  wills;  the  Medulla  oblongata  and  spinal  chord 
execvie;  the  Cerebellum  c(H>rd%nate8.'*  This  is  one 
of  those  neat  epigrams  which  captivate  assent^  and 
rest  in  the  memory  ;  and  as  regards  the  Cerebellum,  it 
receives  further  assistance  fix)m  the  following  state- 
ment made  by  Longet :  ''  Take  two  pigeons — ^fiN>m  the 
one  remove  the  whole  Cerebrum,  from  the  other  only 
a  part  of  the  Cerebellum ;  on  the  moiiow,  the  first  will 
be  firm  on  its  feet,  the  second  will  have  the  gait  of  a 
drunken  man.''* 

The  fact  is  indisputable ;  but  does  it  cany  the  con- 
clusion? It  seems  to  me  that  there  is  a  misoonception 
of  the  bearing  of  experimental  evidence,  in  the  sup- 
position that  injury  to  an  organ,  followed  by  disturb- 
ance of  a  particular  function,  proves  that  the  function 

BouiLLAUD  ooBtroverts  Floureits  on  aome  points,  showing  that  it  is 
only  over  the  muscles  of  the  extremities  thaf  the  oo-ordinating  power 
extends,  yet  he  agrees  with  him  on  the  main  point. 
*  LoNQET,  iL  265. 
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in  question  has  its  seat  in  that  organ :  nothing  more 
than  a  suspicion  can  be  warranted  by  such  evidence ; 
and  in  the  present  case  the  suspicion  is  proved  to  be 
erroneous,  by  the  £ftct  that  the  function  can  in  some 
cases  be  exercised  when  the  organ  is  absent  Experi- 
ment and  Pathology,  if  sufficiently  examined,  distinctly 
pronounce  against  the  hypothesis. 

The  idea  of  there  beiog  one  particular  seat  of 
muscular  co-ordination  appears  to  me  illusory.  Each 
centre  co-ordinates  the  muscles  to  which  its  nerves  are 
distributed ;  and  the  co-ordination  of  the  whole  de- 
pends on  the  integrity  of  the  whole  mechanism.  The 
Spinal  Chord  is  the  general  centre  from  which  spring 
the  nerves  distributed  to  the  Umbs  and  trunk.  If  this 
chord  be  divided,  lengthwise,  into  two  halves,  each  half 
will  co-ordinate  the  muscles  of  each  side  of  the  body ; 
but  the  two  sides  will  not  move  harmoniously,  because 
the  integrity  of  the  mechanism  has  been  disturbed ; 
and  as  regards  the  movements  of  the  limbs,  the  two 
halves  might  be  two  animals.  It  is  the  same  when 
the  chord  is  divided  across :  this  cuts  the  body  into 
two  halves;  but  the  fore-legs  are  co-ordinated  by  the 
anterior  half,  the  hind-legs  by  the  posterior  half.  But 
if  the  division  has  not  been  complete,  if  we  leave  the 
grey  matter  to  be  on  one  side  continuous,  then  Stilling 
assures  us,  the  continuity  enables  both  sides  to  be  co- 
ordinated.* 

The  experiments  of  Flourens  and  Bouillaud  certainly 

*  Stilling  :  Untenuchunffen  ^iber  die  Fundianefi  cUt  Rikkenmarh^ 
li5, 146, 155. 
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prore  that  the  CerebeUnm  exeidses  some  maiked  in- 
flnenoe  on  mnaenlar  moyements,  at  least  those  implied 
in  sustaining  eqnilibriom.  Bat  this  is  trne  only  of 
birds  and  mammala  It  is  nneqniyocally  not  tme  of 
lizards,  frogs,  tritons,  &c  Floniens  indeed  says :  ^  I 
removed  the  CerebeUnm  of  a  frog ;  walking,  leaping, 
even  standing,  were  soddenly  abolished.  I  removed 
the  CerebeUnm,  bit  by  bit,  from  another  frog ;  walking, 
leaping,  and  standing  were  gradnaUy  abolished."* 
The  facts  were  doubtless  as  he  describes  them ;  bnt  I 
venture  to  say  that  if  he  had  aUowed  half  an  hour  to 
elapse,  so  as  to  aUowihe  shock  of  die  operation  to  pass 
away,  he  would  have  seen  the  frogs  leaping  and  swim- 
ming as  vigorously  as  ever.  Every  one  who  has  ex- 
perience in  these  matters  wiU  remember  that  unless 
the  frogs  so  operated  on  (or  even  after  the  entire  re- 
moval of  the  brain)  were  carefdUy  secured,  they  were 
soon  hopping  about  the  house — to  the  horror  of  maid- 
servants, and  amusement  of  the  experimenter. 

Here  then  is  a  patent  contradiction :  The  CerebeUnm, 
which  has  such  marked  influence  over  the  movements 
of  birds,  has  none  at  aU,  that  is  appreciable,  over  the 
movements  of  frogs.  Those  who  sufier  phrases  to  do 
duty  for  ideas,  may  get  over  this  contradiction  by  say- 
ing that  birds  are  "  differently  constituted''  from  frogs, 
and  therefore  the  CerebeUnm  may  have  a  function  in 
the  one  which  it  has  not  in  the  other.  But  no  biolo- 
gist, who  pretended  to  philosophy,  would  be  satisfied 
with  a  phrase  so  vague ;  he  would  demand  in  what 

*  Floubekb,  p.  51. 
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this  said  difference  of  constitution  consisted.  He  would 
know  that  fdnction  is  detennined  by  anatomical  con- 
nection, and  wonld  inquire  what  were  the  anatomical 
differences  in  these  cases. 

I  was  groping  my  way  through  this  obscurity,  when 
the  experiments  of  Schiff  seemed  to  flash  a  sudden 
streak  of  Ught.  He  showed  that  the  strands  of  nerve- 
fibres  which  pass  into  the  Cerebellum  (called  the  crvjra 
cerAdli)  are  instrumental  in  fixing  the  vertebral 
column  in  the  region  of  the  neck ;  and  that  when  an 
injury  to  the  Cerebellum  disturbs  the  harmony  of 
movements,  it  is  by  acting  on  these  neck-fixing  parts. 
If  the  Cerebellum,  he  says,  be  cut  through  on  one  side, 
the  movements  become  irregular;  but  if  it  be  cut 
through  on  both  sides,  in  a  perfectly  symmetrical 
manner,  the  movements  do  not  at  all  become  irregu- 
lar.* No  one  need  be  told  that  the  equilibrium  of  the 
body  is  maintained  by  the  adjustment  of  the  vertebral 
column.  This  must  be  notably  the  case  with  a  long- 
necked  bird ;  it  is  not,  however,  the  case  with  the  short- 
necked  frog,  or  triton,  which  requires  no  such  adjust- 
ment of  its  column  to  preserve  equilibrium.f 

After  this  refutation,  it  is  interesting  and  instructive 
to  read  the  array  of  facts  which  can  be  brought  from 

*  Schiff  :  Lehrhtch  der  PhyHoL,  L  Z55, 

•f  Since  this  was  written,  the  German  translation  of  Schbcedjcb  van 
DEB  KoLK^s  work  has  appeared,  in  which  he  deolares  it  has  always 
been  inoomprehenaible  to  him  how  men  could  believe  the  cerebellum 
to  be  the  seat  of  co-ordination,  which  he  places  in  the  spinal  chord, 
and  he  adduces  the  movements  of  decapitated  frogs  as  proof. — Bau 
%nd  FunOumen  der  Med,  Spin,<,  1859,  p.  68. 
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Comparative  Anatomy  to  give  oountenanoe  to  the 
hypothesis  :  "  On  ascending  the  scale  of  mammiferons 
animals,  we  cannot  bnt  be  struck  with  the  rapid  ad- 
vance in  the  proportional  size  of  the  CerebeUnm  which 
we  observe  as  we  rise  from  the  lowest  (which  are  sur- 
passed iQ  this  respect  by  many  birds)  towards  man,  in 
whom  it  attains  a  development  which  appears  enormous 
even  when  contrasted  with  that  of  the  Qaadromana. 
In  proportion,  in  fact,  as  the  extremities  acquire  the 
power  of  prehension,  and  together  with  this  a  pow^ 
of  application  to  a  great  variety  of  purposes — still 
more  in  proportion  as  the  animal  becomes  capable  of 
maintaining  the  erect  posture,  in  which  a  constant 
muscular  exertion,  consisting  of  a  number  of  most 
elaborately  combined  actions,  is  required— do  we  find 
the  size  of  the  Cerebellum  and  the  complexity  of 
its  structure  undergoing  a  rapid  iucrease.  Thus,  even 
between  the  dog  and  the  bear  there  is  a  marked  dif- 
erence ;  the  latter  being  capable  of  maintaining  for 
some  time  the  erect  posture,  and  often  spontaneously 
assuming  it ;  whilst  to  the  former  it  ia  anything  but 
natural''  * 

This  evidence  is  valuable  as  indicating  some  con- 
nection between  the  Cerebellum  and  muscular  move- 
ments, but  it  cannot  weigh  against  the  positive  evi- 
dence just  adduced.  Nor  can  much  countenance  be 
gained  from  the  evidence  of  Disease,  although  that  also 
is  frequently  invoked.  Irregularity  of  co-ordination  is 
indeed  sometimes  found  accompanying  disease  of  the 

*  CARPEirrER :  Human  Physiology,  p.  521. 
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Cerebellum ;  but  more  frequently  not ;  and  it  some- 
times accompanies  disease  of  the  Cerebrum.  Andral 
has  collected  ninety-three  cases  of  diseased  Cerebellum, 
and  of  these  *'  there  is  (ml/y  one  which  tends  to  favour 
the  opinion  of  physiologist&''  Longet>  who  quotes 
this^  remarks  that  inasmuch  as  the  diseases  were  for 
the  most  part  chronic,  it  is  possible  that  the  unaffected 
portions  may  have  performed  the  co-ordinating  func- 
tion ;  and  he  considers  the  evidence  of  Experiment  to 
be  more  conclusive.  On  the  other  hand,  Ludwig  curtly 
declares  that  all  experiments  on  birds  are  valueless  for 
the  physiology  of  man,  since  no  one  has  ever  observed 
these  phenomena  of  imperfect  co-ordination  when  the 
human  Cerebellum  has  been  iigured.*  I  agree  with 
Longet  that  experiment  is  more  conclusive ;  but  it  con- 
cludes against  the  hypothesis.  Pathology,  however, 
records  one  very  striking  case,  which  of  itself  would 
su£Bce  to  settle  the  question,  because  it  shows  us  the 
absence  of  a  Cerebellum  in  a  human  subject.  It  was 
first  published  by  Combette,  in  the  Revue  MSdicale, 
1831,  and  is  constantly  alluded  to.  Mr  Solly  reports 
it  thus,  in  his  work  on  the  Brain  : — 

"  This  was  a  case  in  which  the  Cerebellum  was 
entirely  wanting,  nothing  being  found  in  its  place  but  a 
quantity  of  serous  fluid  contained  in  the  membranes : 
on  each  side  a  pedunculated  body,  not  larger  than  a 
pea>  was  attached  to  the  corpora  restiformia ;  all  the 
rest  seemed  replaced  by  a  nervous  sac.  The  pons 
Varolii,  as  well  as  the  Cerebellum,  were  absent,  and 

*  LUDWIQ  :  Ltkrhueh  dm-  Phytiol,  i.  210. 
vol.  11.  K 
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the  individual  in  whom  this  remarkable  lesion  was  ob- 
served had  attained  the  age  of  eleven  years. 

''This  case  shows  that  agenesia  cerAeUi,  or  total 
want  of  the  Cerebellmn,  does  not  necessarily  render 
existence  impossible,  provided  the  other  parts  of  the 
nervous  centres  be  well  conformed  The  individual 
may  even  live  for  a  considerable  time.  The  child  here 
was  nearly  twelve  years  of  age,  and  we  have  reason  for 
cdnsidering  the  disease  as  congenital ;  for  had  it  been 
acquired — had  this  absence  of  the  whole  Cerebellum 
depended  on  an  actual  destruction  of  the  nervous  sub- 
stance by  an  organic  lesion,  it  is  not  probable  the 
child  would  have  survived  so  long. 

*'  What  were  the  phenomena  observed  during  life  ? 
What  effect  did  this  complete  atrophy  produce  on  the 
intellect  ?  What  modification  in  the  function  of  mo- 
tion ?  The  intellectual  faculties  were  obtuse,  though 
not  to  a  remarkable  degree;  the  answers  slow  and 
difficult ;  the  whole  countenance  expressive  of  stupid- 
ity :  in  a  word,  the  child,  though  not  exactly  idiotic, 
still  showed  a  deviation  of  the  mental  powers.  The 
motility  was  also  modified  ;  the  power  of  motion 
was  considerably  weakened  in  the  lower  limbs,  which 
did  not  possess  their  natural  force  and  vigour  ;  hence 
the  child  was  unable  to  support  itself  with  any  firm- 
ness ;  it  fell  down  frequently ;  the  legs  crossed  each 
other  during  walking,  and  the  gait  was  irregular  and 
unsteady.  At  length  the  child  was  compelled  to  con- 
fine itself  altogether  to  bed,  and  after  some  time  was 
unable  to  stir,  even  when  lying  in  a  horizontal  position. 
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Thus  the  modification  of  motility  consisted  in  the  gra- 
dual abolition  of  motion :  to  this  were  joined  epilepti- 
form convulsions,  which  continued  for  some  time,  and 
finally  carried  off  the  patient.  The  sensation  of  the 
integumental  covering  was  not  modified  in  any  way 
whatever.  There  was  no  increase  of  sensibility  in  the 
commencement — ^no  obtuseness  or  diminution  of  feel- 
ing, even  when  paralysis  was  most  complete;  the 
senses  also  remained  intact  The  child  could  see, 
hear,  and  taste,  in  a  perfect  manner.  The  functions  of 
nutrition,  circulation,  and  respiration  were  carried  on 
without  any  notable  disturbance." 

This  remarkable  case  has  been  quoted  to  prove  the 
truth  of  the  opinion  advanced  by  Hourens  ;  it  is  al- 
luded to  by  Longet  as  one  subversive  of  aU  the  hypo- 
theses that  have  been  advanced  If  we  examine  it  by 
the  light  of  the  experimental  canon  previously  laid 
down — ^namely,  that  ''  the  disappearance  of  a  function, 
on  the  removal  of  an  organ,  is  no  proof  whatever  that 
the  function  had  its  seat  in  that  organ  ;  but  the  per- 
sistence of  a  function,  after  the  removal  of  an  organ,  is 
rigorous  proof  that  the  function  had  riot  its  seat  in  that 
organ" — ^we  shall  clearly  see  that  the  opinion  of  Rourens 
is  refuted  by  this  case.  The  co-ordinating  power 
was  weak,  indeed,  at  least  in  the  lower  extremities 
(nothing  is  said  of  the  upper) ;  but  the  whole  motility 
was  weak,  and  at  last  destroyed.  Now  the  hypothesis 
which  assigns  co-ordination  as  the  function  of  the 
Cerebellum,  expressly  denies  that  organ  to  be  the  seat 
of  motility, — that  being  assigned  to  the  Spinal  Chord. 
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It  is  co-ordination  alone  which  the  Cerebellam  is  said 
to  effect ;  and  when  the  whole  of  that  organ  is  re- 
moved, all  co-ordination^  at  least  of  the  extremities^  is 
said  to  disappear.  But  this  was  assuredly  not  the  case 
in  the  instance  just  quoted ;  the  whole  of  the  Cere- 
bellum was  absent,  and  only  a  slight  part  of  the  co- 
ordinating power  was  affected  This  persistence  of 
the  function  in  the  absence  of  the  organ  is  a  demon- 
stration of  ihe  error  of  Flourena  Whatever  were 
the  causes  which  affected  the  motility  of  the  child, 
who  was  half  an  idiot,  they  also  necessarily  affected 
her  power  of  co-ordinating  her  movements.* 

Two  other  cases  are  referred  to  by  Brown-S^uard, 
wherein  total  destruction  of  the  Cerebellum  by  disease 
was  unaccompanied  by  paralysis,  or  any  other  trouble 
in  the  functions  of  animal  Ufa  "  I  have  ascertained,** 
he  says,  further,  "  that  it  is  by  the  irritation  they  pro- 
duce on  various  parts  of  the  basis  of  the  brain  that  the 
diseases  of  the  Cerebellum,  or  its  extirpation  in  ani- 
mals, cause  the  disorder  of  movements  which  has  been 
considered  as  depending  upon  the  absence  of  a  guiding 
power.  In  fact,  the  least  irritation  of  several  parts  of 
the  brain,  with  only  the  point  of  a  needle,  may  gener^ 
ate  very  nearly  the  same  disorder  of  movements  that 
follows  the  extirpation  of  the  Cerebellum."  f 

*  Br  BoBEBT  WnUB,  in  the  valuable  notes  to  his  translation  of 
Wagjien't  Physiology,  takes  a  similar  view  :  "  The  poor  child  was 
almost  an  idiot ;  but  as  she  spoke,  and  walked,  and  used  her  hands, 
it  is  obvious  that  the  Cerebellum  oould  have  had  nothing  to  do  with  the 
highly  oomplioated  movements  requisite  in  all  these  acts"  (p.  637). 

t  Bbown-Ssquard  :  Leeluret  in  Lancet,  27th  August  1858. 


FLOURENB  REFUTED.  133 

Lockhart  Clarke  is  also  indisposed  to  accept  the  cur- 
rent hypotliesia  "  That  the  Cerebellum,"  he  says,  "  is 
in  some  way  concerned  in  the  regulation  and  co-ordin- 
ation of  muscular  movements,  appears  to  follow  from 
experiment  and  pathological  investigation  ;  but  I  think 
there  are  many  reasons  for  believing  that  the  mode  of 
action  usually  assigned  to  it  is  unsatisfactory,  and  at 
variance  with  many  established  facta"  * 

It  is  an  interesting  illustration  of  the  powerful  bias 
which  may  be  given  to  the  mind  by  a  striking  experi- 
ment, or  a  captivating  formula,  that  a  multitude  of 
facts  which  contradicted  Flourens  have  either  been  dis- 
regarded, or  have  been  only  admitted  as  suggestive  of 
doubts.  But  the  reader  will,  I  hope,  now  see  that  the 
hypothesis  of  the  Cerebellum  being  the  organ  of  mus- 
cular co-ordination  is  not  doubtful  —  it  is  utterly 
erroneoua 

II.  The  Cerebellum  a  Seat  op  Sensation  and 
VoLmoN. — What,  then,  is  the  function  of  the  Cerebel- 
lum ?  Unhappily  no  clear  answer  can  be  given  to  that 
question ;  and  mainly  because  the  answer  has  not  been 
sought  in  the  right  way.  All  I  can  attempt  at  present 
is  to  show  that  the  Cerebellum  must  be  a  seat  of  Sen- 
sation and  Volition,  because  it  is  a  great  ganglionic 
centre,  or  group  of  centres,  having  the  same  tissues  as 
those  other  cranial  centres  which  every  one  admits  to 
be  endowed  with  Sensibility. 

It  has  been  held  by  very  eminent  investigators  that 

*  LooKHABT  Clabks  :  Fhtlotophical  TramacHom,  1858,  p.  581. 
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the  Cerebellum  is  the  seat  of  Sensibility  *  This  is  an 
exaggeration ;  but  it  suffices,  even  as  an  exaggeration, 
to  show  how  many  facts  speak  in  favour  of  Sensibility 
in  this  organ.  Mr  Solly  has  quoted  the  following  pas- 
sage from  Foville,  which  bears  upon  the  point :  "  The 
opinion  advanced  by  some  physiologists  that  the  Cere- 
bellum is  the  regulator  of  the  voluntary  movements,  if 
we  attentively  consider  the  reasoning  on  which  it  rests, 
seems  to  me  to  strengthen  the  idea  which  places  the 
central  seat  of  sensibility  in  the  Cerebellum.  After 
having  injured  the  structure  of  the  Cerebellum  exten- 
sively, we  have  observed  that  animals  preserved  their 
power  of  moving  their  limbs,  but  had  lost  that  of  co- 
ordinating the  movements  of  these  in  a  manner  con- 
venient to  station,  progression,  flight,  &c.  But  when 
we  vnll  to  perform,  and  actually  perform,  certain 
movements,  do  we  not  distinctly  feel  that  we  execute 
them  ?  The  man  who,  with  his  eyes  shut,  moves  his 
hand  or  his  arm,  does  he  not  also  distinctly  feel  that  he 
moves  these  parts  as  if  he  followed  them  with  his  eyes  ? 
While  the  paralysed  man  who,  with  his  eyes  shut,  is 
desired  to  move  his  paralysed  limbs,  may  be  very  will- 
ing to  do  so,  though  incapable  and  perfectly  aware  of 
his  incapability  of  obeying.  If  this  be  true,  how  can 
we  expect  that  an  animal  deprived  of  the  faculty  of 
perceiving  the  sensation  of  the  movements  which  it 
executes,  should  execute  them  in  the  enseniUe  with 

*  Compare  Lovoet,  Traiti,  ii.  26S,  for  aathoritieB.  He  himself 
thinks  that  it  participates  io  sensation  but  is  positiTe,  that  it  is  not 
the  exclusive  seat 
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harmony,  and  in  accordance  with  a  proposed  end? 
How  can  we  expect  it  to  walk  deliberately  and  to  keep 
its  equilibrium,  if  it  does  not  feel  the  ground  upon 
which  it  stands,  if  it  is  ignorant  of  the  position  in 
which  its  limbs  are  placed  ?  I  remember  conversing 
with  Sir  Astley  Cooper  on  this  subject  towards  the  end 
of  1830.  Sir  Astley  cited  to  me  the  case  of  a  man 
completely  deprived  of  the  faculty  of  sensation  in  one 
arm  and  hand,  the  muscular  power  of  which  was,  how- 
ever, preserved.  When  this  man  was  desired  to  take 
hold  of  and  to  lift  anything,  he  did  so  quite  well ;  but 
if,  whilst  holding  the  object,  his  attention  was  taken 
away  from  the  hand,  irregular  contractions  of  the 
limb  commenced,  and  very  soon  the  object  fell  to  the 
ground :  as  soon  as  the  patient  ceased  to  follow  the 
contractions  of  his  fingers  with  his  eyes,  nothing  re- 
mained to  inform  him  that  he  held  the  object,  when,  of 
course,  it  escaped  from  his  grasp.  This,  and  other 
cases  of  a  similar  description,  seem  conclusive  as  to 
the  fact  of  sensation  being  the  true  regulator  of  the 
muscular  motions  :  it  is  by  means  of  sensations  that 
we  are  aware  of  the  mode  or  degree  of  action  in  our 
muscles,  that  we  have  the  power  of  co-ordinating  their 
contractions  in  a  suitable  manner,  and  of  executing  a 
succession  of  voluntary  movements  in  harmony  with 
one  another." 

Indeed  there  will  be  few  physiologists  now  to  dis- 
pute the  position,  that  the  facts  which  indicate  the  Cere- 
bellum to  have  a  considerable  share  in  muscular  co- 
ordination, also  prove  that  it  must  have  a  share  in 
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Sensation,  since  wit2ioat  Sensation  no  co-oidination  is 
possible.  What  that  share  precisely  is,  we  cannot  say. 
It  is  dear  that  tiie  Senses  are  not  dependent  on  tte 
Cerebellum ;  for  the  girl  in  Combette's  case  was  in 
perfect  possession  of  Sight,  Hearing,  and  Taste.  It  is 
equally  clear  that  Pain  has  not  its  centre  tiiera  But 
nothing  can  be  said  yeiy  dedsiyely  as  to  the  odier 
sensations.* 

Has  the  Cerebellum  any  share  in  the  intellectaal 
operations?  Flourens  and  Bouillaud  declare  not;  but 
Longet  properly  remarks,  that  inasmuch  as  animals 
deprived  of  that  organ  surviye  but  a  littie  time,  and 
generally  in  a  state  of  great  agitation,  it  is  difficult  to 
form  an  opinion  as  to  the  state  of  their  intelligenoe. 
Nor  can  much  reliance  be  placed  on  pathological  cases. 
Very  frequently  no  trouble  whatever  of  the  inteUectnal 
faculties  seems  to  accompany  disease  of  the  Cerebellum ; 
but  inasmuch  as  disease  of  the  Cerebrum  is  also  fre- 
quently unaccompanied  by  disturbance  of  the  intelli- 
gence, no  conclusion  can  be  founded  on  that  Disease 
sometimes  notably  disturbs  the  intelligence ;  and  in 
Combette's  case  the  girl  was  nearly  idiotic. 

When,  therefore,  we  consider  the  great  similarities 
in  structure  and  position  between  the  Cerebrum  and 
Cerebellum ;  and  when,  further,  we  reflect  that  the 
Cerebellum  in  the  various  stages  of  the  animal  scale  is 

*  Dr  Noble,  in  his  work.  The  ffuman  Mind  in  its  JUlaiiont  wUk  UU 
Brain  and  Nervout  Syttem,  p.  49  teq,,  advances  the  hypothesiB  that 
the  ganglionic  masses  of  the  Cerebellum  named  corpora  ctoitotoare  tbo 
seat  of  tactile  sensibility. 


INTXLLEOTUAL  FUNCTIONS.  137 

always  fonnd  to  be  developed  in  proportion  to  the 
intellectual  development  of  the  animal,  being  beyond 
all  comparison  greatest  in  man,  and  smallest  in  fishes, 
there  is,  it  mnst  be  confessed,  reason  to  suspect  that 
the  Cerebellam  also  participates  in  some  degree  in  the 
production  of  mental  phenomena  At  the  same  time 
we  must  admit  that  there  is  no  direct  evidence  on  the 
point,  either  for  or  against  it 

in.  Functions  op  the  Medulla  Oblongata. — 
Besides  the  Cerebrum  and  Cerebellum,  there  are  other 
smaller  ganglionic  masses  at  the  base,  the  most  impor- 
tant of  which  are  the  corpora  striata  and  optic  thai- 
amfii  (Fig.  52,  s,  4,  p.  122),  and  each  of  which  must 
play  some  important  part  in  the  nervous  mechanism. 
But  what  that  part  is,  can  in  no  case  be  stated  with 
even  an  approach  to  certainty.  The  hypotheses  are 
numerous  and  contradictoiy ;  *  but  except  the  share 
which  the  corpora  quadrigemina  have  in  vision,  there 
seems  to  be  no  solid  ground  of  fact  yet  ascertained. 
We  will  therefore  pass  over  these  ganglia,  and  direct 
attention  to  the  third  important  organ  of  the  encepha- 
Ion — the  MedvUa  Oblongata, 

Although  included  among  the  parts  of  the  Brain,  or 
encephalon,  because  it  is  included  within  the  cavity 
of  the  skull,  and  because  its  columns  pass  into  both 
Cerebellum  and  Cerebrum^  the  Medulla  Oblongata  is 

*  The  latest  I  have  met  with  is  that  of  Dr  Nobli,  who  regards  the 
optic  thalami  and  coipora  striata  as  the  seat  of  emotional  sensibility. 
—Tht  Human  Mind,  p.  60. 
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Fig.ss.  really  and  truly  the  npper 

port  of  the  Spinal  Chord,  and 
bears  more  resemblance  to 
the  Spinal  Chord  than  to  any 
portion  of  the  Bmia  This, 
which  is  obvions  on  a  super- 
ficial examination,  becomes 
still  clearer  on  a  microscopic 
investigation ;  and  although 
the  point  is  of  little  import- 
ance as  a  matter  of  naming. 

_  '■' „      it  will  presently  be  seen  to 

>jrr  OR  u^DER  VIEW  or  the  ^  ^ 

e^"^«T?^"™c^-  faave  considerable  importance 

lnf,^|^"tte°JeJJipte«tfy  when  we  come  to  the  int«r- 

AnteriM"pjr?i^id^R"B^^  prctation   of  functions.     In 

Pip.  S4.  Figs.  53  and  54  we  see  the 

Medulla   in    its  connections 

with  the  Brain  and  Chord. 

Such  is  the  external  as- 
pect Respecting  the  internal 
structure  little  can  here  be 
said,  since  there  is  probably 
no  anatomical  question  which 
can  surpass  it  in  complex- 
ity and  obscurity.  The  stu- 
dent desirons  of  pursuing  the 
.  subject  will  do  well  to  pre- 
'r^riMit"-  P'"^  himself  by  studying  Uie 
liti^^™  important  works  noticed  be- 


at U»  OpUo  Thilimoi : 


*  The  two  lover  bodiMaraimperfecU]'dirtiiiguUb«d  in  thai 
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low.*  It  will  snfi&ce  for  our  purpose  if  we  can 
bear  in  mind  that  the  Medulla  ia  reaUy  a  prolon- 
gation of  the  Spinal  Chord,  to  which  there  are 
some  additions  both  of  grey  and  white  matter.f 
It  has  ganglionic  masses  peculiar  to  it,  named  the 
Olivary  bodies  (Fig.  5S,  4).  It  has  also  a  great 
variety  of  commissural  fibres,  by  means  of  which 
on  immense  variety  of  actions  are  co-ordinated.  Sen- 
sory nerves  and  motor  nerves  issue  from  it ;  but  these 
do  not  display  the  symmetry  of  arrangement  noticed 
in  the  nervous  pairs  issuing  from  the  Chord.  It  is 
also  the  ganglionic  centre  for  the  nerves  of  Hearing 
and  Taste. 

If  we  now  ask  what  are  the  functions  of  this  com- 
plex part  of  the  Encephalon,  we  shall  find  that  the 
ever-recurring  question  as  to  whether  the  Brain  is  or 

*  The  two  works  of  Stiluno  ( Ueber  die  Aledulla,  1848,  and  Ueber 
de»  Bau  da  Hiruknaient,  1846),  form  the  storehoiue  whence  BUcoeedisg 
writera  have  gratefully  drawn  their  chief  materials,  the  only  consider- 
able additions  being  due  to  Sohr(EDBR  van  der  Eolk  {Bav,  und 
Ikmctionen  der  Medulla  Spinalis  und  Oblongata);  and  Lockhart 
Clarke  {PhUotophical  Ihinsaciions,  1858),  whose  admirable  researches 
have  been  duly  appreciated  by  the  few  persons  in  Europe  competent 
to  estimate  them.  In  citing  the  last-named  anatomist,  I  cannot 
here  forbear  acknowledging  how  much  I  owe  to  the  readiness  with 
which  he  initiated  me  into  his  method  of  making  microscopic  prepara- 
tions. 

i*  "  It  is  well  known  that  in  the  spinal  chord  the  columns  of  white 
and  grey  substance  are  parallel  to  each  other,  and  preserve  the  same 
relative  position  throughout  their  entire  course ;  but  in  the  Medulla 
Oblongata  these  parts  not  only  assume  a  different  anungement,  by 
becoming  more  or  less  blended  with  each  other,  and  with  new  struc- 
tures, but  frequently  pursue  a  curvilinear  direction  in  different  planes, 
inclined  at  varying  angles."— Lookhabt  Clarke. 
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is  not  the  exclusive  sensoritim,  may  here  receive  consi- 
derable illnstratioiL  We  shall  also  find  that  there  was 
something  more  than  a  mere  question  of  naming  in- 
volved in  the  donbt  as  to  whether  or  not  the  Medulla 
belonged  to  the  Brain.  For  observe,  the  Medulla  is  now 
almost  unanimously  declared  to  be  a  seat  of  sensation 
and  volition.  If,  therefore,  it  be  not  included  in  the 
term  Brain,  there  can  be  no  longer  any  question  as  to 
the  Brain  being  the  exclusive  sensorium ;  and  if  the 
upper  part  of  the  Spinal  Chord  can  be  a  seat  of  sen- 
sation and  volition,  there  can  be  no  valid  argument 
against  the  evidence  which  proves  that  the  rest  of  the 
Spinal  Chord  is  also  a  sensorial  seat 

Miiller  says  :  "  It  is  the  seat  of  volition.  The  ex- 
periments of  Flourens  show  that  animals  in  which  the 
cerebral  hemispheres  have  been  removed,  though  in  a 
state  of  stupor,  are  still  capable  of  executing  voluntary 
movements ;  they  have  still  this  power  after  the  re- 
moval of  the  cerebellum  also.  "*  I  am  not  sure  that 
I  rightly  understand  this ;  but  we  may  suppose  him  to 
mean  that  the  Medulla  is  a  seat  of  volition  ;  that  it  is 
not  tiie  exclusive  seat,  will  be  evident  when  I  narrate 
my  own  experiments,  which  show  that  animals  manifest 
volition  after  removal  of  the  whole  Brain,  including  the 
Medulla.    Miiller  thus  continues  : — 

''  It  is  the  seat  of  the  faculty  of  sensation.  This  is 
not  merely  shown  by  the  anatomical  fact  that  all  the 
cerebral  nerves,  with  the  exception  of  the  first  and 
second  (olfactory  and  optic),  are  connected  with  it,  or 

*  Mullxb:  Phytioloffy,  i.  828. 
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with  its  prolongations  into  the  Brain ;  it  is  proved 
also  by  experiment/' 

The  reader  is  requested  to  pay  particxdar  attention 
to  the  passage  just  quoted,  and  to  the  assertion  that 
the  Medulla  must  be  the  seat  of  sensation  because 
nerves  are  connected  with  it.  Sohroeder  van  der  Eolk, 
who  also  maintains  that  the  Medulla  and  the  ganglia 
at  the  base  of  the  Cerebrum  constitute  the  sole  senso- 
rium,*  is  more  specific  than  Muller,  for  he  says  that 
the  Medulla  must  be  ''  the  seat  of  Perception,  the  spot 
where  sensory  impressions  become  sensations,''  because 
it  is  there  (as  he  supposes)  that  the  sensory  nerve-fibres 
terminate  in  ganglionic  cells.*  Now  I  ask,  if  the  fact 
that  nerves  are  connected  with  ganglionic  centres  is  a 
proof  that  these  centres  must  be  the  seat  of  sensation ; 
how  can  we  deny  that  similar  ganglionic  centres  lower 
down  the  Spinal  Chord,  which  are  similarly  connected 
with  sensory  nerves,  must  also  be  the  seat  of  sensation? 
And  this  question  becomes  stUl  more  pressing  when 
we  learn,  as  we  shall  presently,  that  the  same  kind  of 
experiments  as  those  which  indicate  the  Medulla 
Oblongata  to  be  a  seat  of  sensation,  no  less  decisively 
indicate  the  Spinal  Chord  to  be  one.  The  only  possible 
answer  which  occurs  to  me  is  this :  The  nerves  which 
issue  from  the  Medulla  Oblongata,  and  the  ganglia 
above  it,  are  nerves  of  special  sense — namely,  the 
auditory,  gustatory,  olfactory,  and  optic ;  each  of  these 
nerves,  being  in  connection  with  a  special  apparatus, 
is  capable  of  producing  a  different  effect  from  that  of 

*  SoHiMEDER  YAK  DKB  KoLK :  Bau  und  Funetwnen,  p.  88. 
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all  other  nervea     It  is  only  the  nerves  of  special  sense 
which  can  create  sensation. 

Easy  as  it  is  to  refute  such  an  answer,  I  have  thou^t 
it  worth  while  to  adduce  it,  because  Logic  irresistibly 
forces  us  to  conclude,  that  unless  sensation  be  the  pro- 
duct of  a  particular  group  of  nerves  and  their  ganglia^ 
it  must  be  the  product  of  all  nerves  and  their  ganglia. 
Unless  some  reason  can  be  shown  why  the  apparatus  of 
Sight,  Smell,  Taste,  and  Hearing,  has  the  peculiar  privi- 
lege of  awakening  sensation,  the  mere  connection  of  a 
nerve  with  its  ganglion  must  suffice  for  sensation.  Now, 
that  these  special  organs  of  sense  have  no  such  peculiar 
privilege  is  very  evident,  when  we  consider  the  facts. 
Without  here  insisting  on  muscular  sensations  and 
visceral  sensations,  on  the  multitudinous  forms  of  sen- 
sation I  have  grouped  under  the  head  of  Systemic 
consciousness,  it  is  enough  to  refer  to  the  sensations  of 
Touch,  Temperature,  and  Pain.  No  one  will  be  hardy 
enough  to  deny  that  these  are  veritable  sensations;  yet 
these  are  not  capable  of  being  produced  at  all  by  the 
nerves  of  Sight,  Smell,  or  Hearing.  They  have  no  spe- 
cial apparatus.  There  is  no  one  tactile  nerve  and  tac- 
tile ganglion :  all  the  skin-nerves  are  nerves  of  touch, 
all  produce  sensations  ;  and  these  sensations,  there  is 
ample  evidence  to  believe,  are  produced  v^hen  the  whole 
of  the  brain,  including  the  Medulla,  is  removed.* 

This  view  of  the  relation  of  nerves  to  centres,  and 
the  consequent  extension  of  sensation  to  all  parts  of 

*  The  attempt  to  explain  away  luch  evidence,  on  the  Beflez  Theory, 
will  be  refuted  by-and-by. 
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the  cerebro-spinal  axis,  is  not  so  entirely  novel  as 
it  may  at  first  appear.  The  only  real  novelty  is  in 
its  anatomical  precision.  Sir  Charles  Bell,  to  cite 
only  one  example,  had  a  strong  though  dim  convic- 
tion that  it  was  an  error  to  limit  sensation  to  the 
action  of  the  special  senses.  "  It  appears  to  me,^  he 
says,  "that  the  frame  of  the  body,  exclusive  of  the 
special  organs  of  seeing,  hearing,  &c.,  is  a  complex 
organ,  I  shall  not  say  of  sense,  but  which  ministers, 
like  the  external  senses,  to  the  mind;  that  is  to  say,  as 
the  organs  of  the  five  senses  serve  to  furnish  ideas  of 
matter,  the  framework  of  the  body  contributes,  in 
certain  conditions,  to  develop  various  states  of  the 
mind."*  Although  this  is  very  vague,  and,  because 
of  its  vagueness,  has  found  little  acceptance,  we  see 
that  the  phenomena  had  not  escaped  Bell's  attention. 
As  he  proceeds,  he  becomes  still  more  vague;  and 
thinks  that  because  a  blow  on  the  eye  will  produce  the 
sensation  of  a  flash  of  light,  which  proves  that  the 
organs  of  the  senses  can  be  exercised  when  there  is  no 
corresponding  outward  impression,  we  can  comprehend 
how  other  organs  of  the  body  may  have  a  relation 
established  with  the  mind  without  reference  to  out- 
ward impressions  As  an  anatomist,  it  behoved  him 
to  indicate  by  what  kind  of  mechanism  this  relation 
was  established  I  have  done  so,  by  referring  to  the 
one  mechanism  which,  in  the  case  of  the  external 
senses,  we  know  to  be  operative — namely,  the  connec- 
tion of  nerves  with  their  ganglia :  wherever  a  nerve 

*  Bell  :  The  Anatomy  and  Phihtophy  ofExpremon,  i\h  edit.  p.  83. 
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excites  a  ganglion,  there  ifrill  be  sensibility.  The 
Tisceral-nerves  excite  their  ganglia^  the  mnsde-nerves 
excite  their  ganglia^  the  skin-nerves  excite  their 
ganglia^  and  the  nerves  of  special  sense  excite  their 
ganglia :  the  physiological  process  is  in  each  case 
similar,  although  the  sensations  produced  are  neces- 
sarily various.  Bell  seemed  to  be  veiy  near  the  truth 
at  one  time,  as  may  be  gathered  from  the  following 
passage : — **  It  is  a  singular  fact  in  the  lustoiy  of 
physiological  opinions,  that  the  heart,  an  organ  the 
most  susceptible  of  being  excited  by  the  agitations  or 
derangements  of  the  body,  should  have  been  considered 
at  one  time  as  insensible.  And  yet  in  one  sense  it  is 
true  that  it  is  so.  To  actual  touch  the  heart  is  insen- 
sible, as  was  exhibited  to  the  illustrious  Harvey,  in 
the  person  of  a  young  nobleman  who  had  the  heart 
exposed  by  disease.  This  single  circumstance,  had 
there  been  no  other  evidence,  should  have  earlier  di- 
rected physiologists  to  a  correct  view  of  the  matter ; 
from  its  proving  that  the  internal  organs  are  affected 
and  wnited  by  seneibUities  altogether  different  in  kind 
Jrom  tiiose  bestowed  upon  the  skin.  The  sensibility  of 
the  external  surface  of  the  body  is  a  special  endow- 
ment adapted  to  the  elements  around,  and  calculated 
to  protect  the  interior  parts  from  injury.  But  though 
the  heart  has  not  this  common  sense  of  touch,  yet  it 
has  an  appropriate  sensibility,  by  which  it  is  held 
united  in  the  closest  connection  and  sympathy  yritii 
the  other  vital  organs."*    Had  Bell  not  shared  the 

*  Beu.  :  Anatomy,  and  PkUatopky  qf£i^prtmon,  p.  86, 
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uniyersal  prejudice  respecting  the  Brain  as  the  exclu- 
sive seat  of  sensation,  such  considerations  would  have 
led  him,  I  think,  to  the  trutL 

In  the  course  of  our  demonstration  that  every 
ganglionic  centre  must  be  a  seat  of  Sensibility,  we 
have  found  that  the  majority  of  physiologists  now 
regard  the  Medidla  Oblongata  as  a  sensational  centre ; 
and  their  reasons  for  so  regarding  it,  both  anatomical 
and  experimental,  we  have  said,  apply  with  equal  force 
to  the  whole  of  the  Spinal  Chord,  of  which,  indeed,  the 
Medulla  is  but  the  upper  part.  Having  elicited  this, 
we  will  now  call  attention  to  another  interesting  hypo- 
thesis which  has  been  advanced  respecting  the  MediiUa 

IV.  Is  THEEB  A  Vital  Point  ? — It  has  been  demon- 
strated that  the  MeduUa  Oblongata  is  the  centre  for 
the  nerves  of  Ilespiration.  The  various  actions  in- 
volved in  speech,  in  swallowing,  sneezing,  &c.,  are  also 
co-ordinated  here.  It  is  because  the  actions  concerned 
in  Bespiration  have  their  centre  here,  that  any  other  part 
of  the  spinal  axis  may  be  destroyed  without  destroying 
life ;  but  destruction  of  the  Medulla  in  mammals  has 
been  known,  since  the  time  of  Oalen,  to  bring  with  it 
instantaneous  destruction  of  life.  This  fact  was  lighted 
up  with  sudden  interest  when  Flourens  announced  that 
he  had  discovered  a  particular  spot,  a  mere  point,  the 
extirpation  of  which  caused  instant  death.  He  called 
this  the  ncsyd  vital,  or  vital  point,  because  every  other 
part  of  the  organism  might  be  removed  without 
deatL 

VOL.  IL  ^ 
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In  that  part  of  the  grey  substance  of  the  Mednlla 
called  the  "  floor  of  the  fourth  ventricle/'  and,  because 
it  is  shaped  like  a  V,  called  the  calamus  scriptorius 
(nib  of  the  pen),  there  is  a  smaller  Y  to  be  seen  (Fig. 
54,  6,  p.  138).  The  point  of  this  second  Y,  not 
larger  than  a  pin's  head,  is  the  ''  vital  point/'  according 
to  Mourens.  When  experiment  had  verified  the  asser- 
tion that  death  instantly  followed  the  destruction  of 
this  point,  physiologists  quickly  perceived  that  the 
explanation  of  the  fact  was  not  that  here  life  had  its 
special  centre,  but  that  here  was  the  special  centre  for 
the  co-ordination  of  the  breathing  mechanism.  Indeed, 
the  fact  that  reptUes  will  live  for  months  without  their 
heads,  sufficed  to  disprove  this  notion  of  a  ''vital 
point" 

Since  this  passage  was  originally  written,  I  have 
learned  that  the  very  fact  upon  which  Flourens  rests 
his  hypothesis,  is  not  correctly  conceived  by  him. 
SchifiT  and  Brown-S^quard  have  both  removed  this 
"  vital  point"  without  destroying  life — the  animal  con- 
tinuing to  breathe  and  live  for  five  or  six  days.  Their 
conclusion  is,  that  when  extirpation  of  the  point  causes 
death,  it  is  because  of  the  irritation  of  the  neighbour- 
ing parts  in  the  Medulla  suddenly  checking  the  action 
of  the  heart* 

V.  Influence  op  one  Centre  on  another — ^The 
reader  will  perhaps  have  felt  some  surprise  in  learning 

*  SCHIFF :  Lehrhuch  der  Physiol,,  L  823.   Beiown-SeqU4.RD  :  Journal 
de  la  Phytiol.,  L  217.  et  seq. 
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that  the  irritation  of  a  nerve-centre  arrests,  instead  of 
exciting,  the  action  of  the  heart.  The  fact  is  indubit^ 
able,  whatever  may  be  the  explanation.  The  heart,  as 
Tve  formerly  learned  (voL  L  p.  832),  possesses  its  own 
independent  ganglia,  in  virtue  of  which  it  continues 
pulsating  long  after  death,  and  even  after  removal  from 
the  body.  But  if  the  pneumogastric  nerves  be  galvan- 
ised, these  nerves,  although  they  send  filaments  to  the 
heart,  will  not  cause  the  heart  to  beat  faster — they 
will  arrest  its  beating.  This  was  first  shown  in  an 
experiment  devised  by  Weber.  He  transmitted  an 
electric  current  through  the  pneumogastric,  and  the 
heart  suddenly  stopped ;  after  aUowing  it  to  resume 
its  beats  till  they  reached  the  normal  rapidity,  he 
again  stopped  them  by  another  current.* 

That  which  is  eflfected  by  the  electric  current  may  be 
efiected  by  irritation  of  the  Medulla  Oblongata.  The 
galvanib  stimulus  acts  in  the  same  way  as  the  stimulus 
of  the  nerve-centre.  There  is  one  point,  however,  to 
which  especial  attention  should  be  called.  Although 
the  electric  current  arrested  the  beating  of  the  heart,  in 
the  experiments  just  noticed,  it  would  have  quickened 
the  pulsation  had  the  current  been  slighter.  The  same 
phenomena  will  follow  a  powerful  and  a  moderate  ex- 
citement of  the  Medulla :  the  powerful  excitement 
arresting,  and  the  moderate  accelerating,  the  pulsations. 

*  This  experiment  has  since  been  repeated  in  Tarious  ways.  See 
EOKHABD,  Beitrdge  tur  Anatomit  und  PhysioloffU,  p.  147.  Lonoet 
failed  when  he  tried  the  experiment^  ovring  to  an  incorrect  application 
of  the  method. 
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Hence  it  is  that  sudden  death  may  lesnlt  finom  the 
"  shock  "  of  grief  or  of  joy.  Hence  it  is  that  a  strong 
emotion  makes  the  heart  palpitate.  Eveiy  one  knows 
the  effects  of  a  burst  of  strong  emotion :  there  is  a 
momentary  cessation  of  the  pnlse,  followed  by  an  agi- 
tation :  at  first  onr  "  breath  is  taken  away/'  and  then 
we  shout,  or  cry,  or  tremble.  Some  fiiint  under  a 
powerful  shock ;  others  die. 

While  noticing  this  influence  of  the  Medulla  on  the 
hearty  we  must  not  omit  to  mention  the  important  fact 
that  pain  diminishes  the  heart's  action.  Indeed,  pain 
will  sometimes  cause  death  in  this  way.  When  pa- 
tients die  under  an  operation,  it  is  seldom  from  the 
loss  of  blood ;  it  is  from  the  effect  of  pain  on  the  heart's 
action,  combined  with  the  previous  weakening  effect  of 
the  hemorrhage  This  has  been  proved  by  experiment 
On  the  other  hand,  Wilson  Philip  found  that  when  a 
rabbit  had  been  stunned  by  a  blow  on  the  head,  its 
Medulla  might  be  destroyed  without  an  arrest  of  the 
heart  ensuing.*  Claude  Bernard  also  found  that  if 
rabbits  were  rendered  insensible  by  etherisation,  their 
Medulla  could  be  destroyed  without  destroying  life; 
whereas,  if  the  Medulla  be  even  irritated  without  pre- 
vious etherisation,  death  inevitably  ensues  from  cessa- 
tion of  the  heart's  action,  j-  The  immense  importance 
of  chloroform,  and  other  anaesthetic  agents,  in  severe 
operations,  lb  thus  made  physiologically  apparent. 

*  WiLBON  Philip:  ExperimetUal  Inquiry  itUo  the  Lawt  cf  tki  VUcU 
Functions,  1817,  p.  72. 
t  Clauds  Bkbnaro  :  SytOme  y^rveux,  i.  SSii 
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It  is  a  consequence  of  the  wondeiM  complexity  of 
our  organism,  in  which  each  part  plays  on  another, 
that  remote  and  nnsuspected  influences  produce  im- 
portant results.  Mental  agitation  will  suddenly  arrest 
or  increase  the  secretions ;  imperfect,  or  too  abundant, 
secretion  will  depress,  or  confuse  the  mind.  An  idea 
will  agitate  the  heart,  and  disturb  the  liver ;  a  languid 
liver  will  disturb  the  serenity  of  the  mind ;  a  worm  in 
the  intestine  will  produce  melancholy,  and  even  mad- 
ness.— So  indissolubly  is  our  mental  life  bound  up 
with  our  bodily  life. 

VI.  SUMMABY  OF  THE  FUNCTIONS  OF  THE  BbAIN. — 

We  have  now  gone  over,  one  by  one,  the  cardinal  facts 
which  have  been  ascertained  respecting  the  functions 
of  the  various  parts  of  the  Brain ;  and  these  are  the 
chief  residts  to  which  the  inquiry  has  led : — 

1.  All  the  ganglionic  masses  have  one  property  in 
common,  which  is  Sensibility ;  and  they  differ  onlyin 
their  functional  manifestation  of  this  property,  accord- 
ing to  their  connections  with  different  organs. 

2.  The  Cerebral  hemispheres  have  the  fonctions  of 
Intelligence  and  Emotion.  Probably  also  some  other 
functions. 

3.  The  Cerebellum  has  functions  which  remain  at 
present  undetermined. 

4.  The  Medulla  Oblongata  has  the  functions  of  min- 
istering to  the  respiratory  and  many  other  reflex 
actions.  The  special  senses.  Hearing  and  Taste,  have 
their  centres  in  this  organ ;  as  Sight  and  Smell  hate 
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their  centres  in  the  corpora  qnadrigemina  and  olfiu> 
tory  lobea* 

5.  Inasmnch  as  all  these  oentzes  haye  Sensbility, 
they  must  all  be  organs  of  the  Mind,  becaoae  thar 
must  all  minister  to  the  general  ConseionsnessL 

6.  The  tacts  and  aigoments  which  establish  the  con- 
clusion that  the  Mind  cannot  be  localised  in  any  one 
part  of  the  Brain,  such  as  the  Cerebrum,  CerebeUum, 
the  ganglia  at  the  base,  or  the  Medulla  Oblongata,  but 
that  each  of  these  parts  has  its  own  special  functions, 
and  contributes  its  own  spedal  forms  of  consdoos- 
ness,  lead  to  the  suspicion  that  other  parts  of  the 
nervous  system  may  also  contribute  other  special  forms 
of  consciousnesa 

It  is  this  suspicion  we  shall  examine  minutely  in  the 
ensuing  section. 

*  There  are  grare  donbts  respecting  the  olfiustoiy  lobes,  which  wiQ 
be  discussed  in  the  next  chapter  (Cub  Sehbes  akd  SsiiaiTioiiB},  baft 
for  the  present  we  may  follow  the  doctrine  of  the  schools. 
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(CoiUinued.) 

THE  MIND  AND   THE   BRAIN. 

880TI0N  m.-— THE  SPINAL  OHOBD  AND  ITS  FUNCTIONS. 

• 
Stniotare  of  the  Spinal  Chord — Imperfection  of  our  microfloopioal 
knowledge— Bifrerenoe  between  an  organiBm  and  a  mechanism  :  the 
organic  mechanism  is  vital  and  senaitiye — Theory  of  Beflex- Action  : 
Marshall  Hall,  MtiUer,  and  Prochaska — Error  of  excluding  sensa- 
tion— Grainger's  adyocacy  of  the  theory — Sohroeder's  reflex-fibres — 
Sensation  without  the  brain:  experiments  on  insects — Marshall 
Hall's  experiments  —  Spontaneous  motion  in  headless  animals  — * 
Reflex-action  in  the  Brain — Hydrophobia— Voluntary  and  inyolun- 
tary  actions — What  is  rolitional  control  I — ^Volition  dependent  on 
sensation — Growth  of  a  volition — Control  over  our  thoughts — Invol- 
xmtary  actions  becoming  voluntary — Spinal  Chord  a  sensational 
centre  :  Views  of  earlier  writers  ;  the  deductive  evidence ;  the  in- 
ductive  evidenoe^Evidences  of  spontaneity  and  choice  in  deoapi- 
tated  animals — Two  centres  of  sensibility  established  in  one  animal — 
Are  walking  and  swimming  reflex-actions  f — Experiments  on  puppies 
and  rabbits — Examination  of  the  evidence  against  the  sensibility  of 
the  chord — What  share  has  the  Spinal  Chord  in  our  actions  ? 

I.  Structure  op  the  Spinal  Chord.— Formerly 
the  Spinal  Chord  (or  Spinal  Marrow,  as  it  is  stDl 
sometimes  called)  was  held  to  be  a  large  nerve-trunk 
issuing  from  the  brain,  and  giving  off  numerous 
branches  which  supplied  the  body.  Although  this 
idea  is  now  completely  abandoned,  and  the  Chord  is 
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known  to  be  a  great  centre,  or  series  of  centres,  inti- 
mately connected,  as  the  seyeral  yertebre  are  connected 
into  one  spinal  column,  yet  men  still  ding  nnconsGioosly 
to  some  of  the  old  conceptions,  and  are  disposed  to  re- 
gard the  Chord  as  a  conductor,  rather  than  as  a  centre 
of  Sensibility.  It  is  this  conception  we  mnst  irreTO- 
cably  dismiss  from  our  minds.*  If  the  Chord  seems  to 
act  sometimes  as  a  conductor  only,  it  is  merely  because 
nerve-centres  once  excited  play  upon  each  other ;  and 
in  this  sense  the  brain  is  also  a  conductor.  Every 
segment  of  the  Spinal  Chord  may  act  separately 
as  an  independent  centre ;  every  segment  is  a  little 
brain. 

The  Chord  commences  at  that  imaginary  line  where 
the  Medulla  Oblongata  is  supposed  to  end.  It  termin- 
ates in  man  about  the  second  lumbar  vertebra;  in 
most  animals  it  extends  along  the  whole  length  of  the 
spinal  column ;  but  there  are  great  varieties  in  this 
respect  It  is  composed  of  six  external  columns  of 
white  fibrous  matter — ^namely,  two  anterior,  two  poste- 
rior, and  two  lateral ;  and  of  four  irUenud  columns  of 
grey,  ganglionic  matter,  called  respectively  the  two 
anterior,  and  the  two  posterior,  horns  {comua),  A 
minute  canal  runs  through  the  centre,  which  may  be 
regarded  as  a  prolongation  of  the  fourth  ventricle  of 
the  brain. 

*  It  BeemB  to  me  that  the  recent  experiments  of  Sohiff,  Browti- 
Sdquard,  and  others,  which-  have  excited  bo  much  difloussion,  and 
which  attempt  to  determine  the  conductibility  of  different  parts  of 
the  chord,  are  all  vitiated  by  this  initial  mistake. 
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Kg.  55  represents  the  anterior  and  posterior  aspects 
of  the  Chord  with  the  double  origin  of  its  nerrea. 

As  ve  are  not  here  called  apon  to  understand  the 
whole  anatomy  of  this  organ,  furtlier  details  would  be 
saperBuons.    I^e  student  will  find  ample  information 
in  the  works  named  below.* 
Fig.es. 


u.  Nbth  Ain>  Sfdiii.  Cbokd. —(After  BeroAnL) 

'  tbe  poflt«rlor  root.    One  pair  In  eachfli 
vialan  BiAdB  bol —  •■■ "—  '-*      "^ 


t.  One  pair  In  each  fluure  ii  npraiented 
>  the  guiglicia  (/).  The  other  pain  are 
U  t  and  d  an  llamenta  coDnMUng  two 


Of  late  years  there  has  been  an  immense  expendi- 
ture of  labour  in  the  attempt  to  unravel  the  microsco- 
pic structure  of  the  Spinal  Chord ;  but  so  ezGessively 

•  ROLAHim  :  Rietr^  ano/onitdU  inUa  ilrulttm  dd  ifidollo  Spinali. 
GtuJtioEB  :  Obtervalunu  on  A»  Stntetun  and Funelitnu  i^f'lht  Spinal 
Chord.  Todd  and  £ow]uzi's  Fkytiologieal  A  naUmy,  Tood  :  A  not. 
t^lhiBrain,  Spinal  Clmrd,  and  Oanglioiu.  LiUBET  et  Obatiolbt  : 
Altai.  Compa.rlt  du  Syitimt  !ftrvaix,  tome  ii.  HntscBFiLD  and 
Leteillb:  NIrvologie.    QUAIN'B  Anatomy,  edited  bj  Sqabpet  and 
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difficult  is  this  task,  that  one  may  fear  it  will  be  a 
long  while  before  Physiology  will  be  in  a  condition  to 
base  safe  conclusions  on  the  results  ascertained.  This 
remark  is  especially  addressed  to  students,  as  a  warning 
against  their  being  misled  by  the  confident  and  plaus- 
ible statements  and  deductions  to  be  met  with  in 
modern  works.  I  have  been  led  to  pay  great  attention 
to  this  subject ;  and  have  not  only  made  a  vast  quantity 
of  preparations  of  the  chord  of  man,  oxen,  sheep,  pigs 
(adult  and  newly  bom),  cats,  kittens,  puppies,  moles, 
rats,  lizards,  frogs,  and  fishes,  many  of  which  have  been 
prepared  according  to  the  various  methods  employed 
by  Stilling,  EoUiker,  Schroeder  van  der  Kolk,  Grati- 
olet,  and  Lockhart  Clarke,  so  as  to  test  the  various 
statements  of  these  authorities ;  but  I  have  also  had  the 
advantage  of  seeing  some  of  the  best  English  and  G^> 
man  preparations  :  the  result  of  all  this  has  been  the 
conviction,  that  whoever  propounds  an  hypothesis  on 
the  basis  of  the  facts  hitherto  ascertained,  is  in  danger 
of  building  on  a  sandbank* 

A  transverse  section  of  the  Chord,  if  sufficiently 
thin,  and  rendered  properly  transparent  by  any  of  the 
accepted  modes  of  preparation,  presents  the  appearance 
indicated  in  Figs.  56,  57,  58. 

•  KoLLiKER,  in  his  last  edition,  expresses  the  same  soeptaciam. 
His  words  read  like  a  sarcasm  against  Bohr<edbb  tan  der  Kolk, 
whose  confidence  is  astonishing,  and  whose  published  figures  repre- 
sent, I  yenture  to  say,  what  he  xmoffinet,  not  what  can  be  jm». 
This  will  be  evident  to  any  one  who  adopts  the  method  prescribed 
by  ScHR(SDER ;  still  more  so,  when  we  find  that  anatomist  giving  up 
his  method  in  favour  of  Lockhart  Clarks^b,  which  most  certainly 
does  no(  show  what  Schr<edbr  represents. 
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Tbahbumi  aiCTlON  or  aPiHAL  Chohd  in  Mas  (Cefvl««l  wgion). 

roliunnt.    The  ceotnl  musea  are  the  liiMrlor  ud  pDSleriurlionu  ot 
p^y  mitur. 

Fig.  57. 


'  THE  8FII:kL  CUOKD  (Do™ 

Fig.  6& 


BunoH  or  thc  Sfimjl  Cbou>  (LumlMr  nglon.) 
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These  figures  are  copied  from  Gratiolet's  Atlas.    Sj 
nv.  -TO.  wsy  of  comparison,  we  may 

consider  Fig.  59,  Thich  is 
copied  fiom  Eolliker,  and  re- 
presents one-Iialf  of  a  section 
\  made  in  the  Inmtur  enlaij^ 
I  ment  of  a  child's  chord. 

Having  made  onrselres  ac- 

/  qoainted  with  these  aspects  of 

the  internal  structure,  we  may 

look    a   little    closer   at    the 

groups  of  large  ganglionic  cells 

Croud    ■>   a  Child  (Lmnbu  tO    be    fOima    U)    the   Sntenor 

a,BMtof  MtertorootreenUr-horna  of  grey  matter.     They 

log  UiecolDDiiu  of  nngllonlc  celli  ■  j       1.1      •        v  1 

m  ind  1 1  r.  ccntidcZui :  d  ud  TaTT  Considerably  m  shape  and 

'.  Anterior  ud  potMrior  coniiuli- 

I  »_. ..  — ..^ ,j  gj^e,     A  general  idea  may  be 

gained  from  Fig.  60. 

tig.  so. 


-^^v 


■/ 


4 


NEKn.CiLu  raoK  Sfibu.  Chou.— (After  OntlolcL) 

These  ganglionic  cells  are  identical  with  those  found 
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in  the  brain ;  but  because  they  are  larger  than  the 
majority  of  those  found  in  the  posterior  horn,  they  have 
been  supposed  to  be  motor-cells,  by  a  logical  process 
not  very  admirable,  as  it  seems  to  me.  The  anterior 
roots  of  the  nerves  are,  as  you  know,  held  to  be  motor 
only;  the  posterior  roots  sensoiy.  We  have  already 
seen  that  this  is  a  misconception ;  but  even  on  the  sup* 
position  that  it  is  correct,  we  shall  need  some  other 
eyidence  for  believing  that  the  anterior  horn  of  grey 
matter  is  therefore  motor.  The  notion  seems  to  me 
entirely  basdiess.  Still  less  can  I  accept  the  notion  of 
Jacubowitch  that  the  largest  cells  are  motor,  those  of 
the  second  size  sensory,  and  the  smallest  sympathetic. 
What  may  be  seen,  or  imagined,  in  preparations  which 
are  imperfectly  transparent,  must  yield  to  what  is 
seen  in  preparations  made  on  a  better  method,*  and 
so  transparent  that  one  may  read  such  characters  as  in 
a  well-printed  book.  In  such  sections  I  affirm  that  so  far 
firom  there  being  any  necessary  connection  between  large 
oeUs  and  the  motor  function,  there  is  no  constancy 
whatever  as  to  size.  In  the  ganglia  of  two  indubitable 
motor-nerves — ^the  spinal  accessory  and  the  hypoglos- 
sue — ^the  size  varies  greatly.  In  the  posterior  horn 
there  are  not  only  large  ceUst  (less  abundant,  indeed, 

*  See  note  at  the  oonolusion  of  this  chapter. 

i*  Bidder  and  Kvppver  deny  the  exntenoe  of  these  cells  in  the 
posterior  horn.  The  same  denial  is  made  by  OwbJaitnikow  :  D0 
M^duUas  tpinaUtUaetura,  p.  37 ;  and  by  Mbtzlib  :  DeJli«dMll<Bipinalu 
avwm  iexturoy  p.  30,  who  declares  that  what  haye  been  mistaken  for 
nerve^oeUs  are  nothing  bat  lacnnn  in  the  web  of  conneotiTe  tissue. 
In  LoGXHABT  CiiABKXfB  preparations,  and  in  my  own,  the  cells  are 
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than  in  the  anterior),  but  the  largest  cell  I  have  ever 
seen,  was  one  with  seven  processes  in  the  posterior  horn 
of  an  ox.  And  while  there  are  large  cells  in  the  poste- 
rior, there  are  abundance  of  small  cells  in  the  anterior 
horn.  Indeed,  the  idea  of  properties  so  widely  separ- 
ated, as  Sensibility  and  Motility,  being  dependent  on 
slight  differences  in  the  size  of  identical  cells,  is  emin- 
ently unphilosophicaL 

But  we  must  pause  no  longer  on  this  microscopic 
structure  ;  *  we  have  ascertained  that  the  spinal  chord 
is  a  series  of  centres,  having  ganglionic  substance  in  its 
interior,  which  is  in  connection  with  the  roots  of  the 
motor  and  sensory  nerves.  In  a  word,  it  has  the 
essential  characters  of  a  series  of  ganglia  ;  and  minute 
investigation  discloses  that  these  ganglia  are  essentially 
similar  to  those  of  the  Brain.     We  shall  never  under- 


unmistakable,  and  their  well-defined  nucleus  preyents  any  possibility 
of  doubts  From  this  one  statement  it  is  certain  that  the  prepantioca 
of  the  Dorpat  School  must  be  very  inferior  in  distinctness  to  ours ; 
yet  these  writers  profess  to  see,  and  they  give  drawings  of,  appear- 
ances which  can  by  no  means  be  made  out  in  our  pmparations ;  whence 
it  is  easy  to  conclude  that  they  describe  what  they  imagine  to  be  the 
real  structure,  not  what  can  positiyely  be  seen. 

*  The  student  is  referred  to  BiDDEB  und  Kupffer  :  Uniertuekunffft^ 
Uber  die  Textur  des  Rilekenmarkt,  and  KQllikeb'b  reply  in  the  Zeit- 
tcKrift  /Ur  WisseMchOffUieKe  Zoologie,  iz.  1  ;  also  KSlliker  :  Ot- 
webelehre,  dd  edit. ;  Letdiq:  BitlologU;  Lockhabt  Claxkm:  Pkiict. 
Transaetiont,  1851  and  1853 ;  Lenhosssk  :  AnnaUt  da  Sc  Nai,,  1857, 
viL  ;  Leurbt  et  Gbatiolet  :  AfML  Comp,,  ii. ;  Sohrcedsb  van  dkr 
KoLK :  Bau  und  FuncUonen  der  Med.  Spiwdii  und  Med.  ObUmgaia/ 
OwsjAKNiKOW:  De  Med.  tpin,  texturaj  Metzleb:  De  Med.  ipin. 
avium  iextara,  Stilung'S  last  work  I  have  not  seen ;  but  it  is 
to  be  the  most  encyclop»dic  treatise  yet  produced. 
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stand  the  functions  of  the  nervous  system  unless  we 
fix  firmly  in  our  minds  the  conception  of  the  cerebro- 
spinal axis  as  one  whole,  the  functions  of  the  various 
parts  differing  from  each  other,  only  as  they  are  differ- 
ently related  to  the  rest  of  the  organism.  Bergmann 
and  Leuckart  do  not  hesitate  to  define  the  "  brain  as 
the  anterior  enlargement  of  the  spinal  chord ; "  and  this 
definition,  they  remark,  makes  it  less  paradoxical  to 
find  the  brain  so  slightly  developed  in  the  lower  verte- 
brate animals,  and  not  existing  at  all  in  the  Amphioxua* 
In  the  invertebrate  animals,  there  can  be  no  shadow  of 
doubt  that  the  ganglia  which  represent  the  brain  of 
higher  animals  are  absolutely,  and  in  all  respects, 
identical  with  the  other  ganglia,  which  represent  the 
spinal  chord. 

But  our  attention  is  now  demanded  by  the  important 
questions  raised  respecting  the  functions  of  the  Spinal 
Cihord.  The  chief  of  these  functions  (by  most  writers 
regarded  as  the  sole  function)  is  the  production  of 
movements  in  the  trunk  and  limbs.  These  movements 
may  either  be  produced  in  obedience  to  the  mandates 
of  the  Brain — as  in  voluntary  motions  ;  or  independ- 
ently of  the  Brain — ^as  in  involuntary  motions,  which 
take  place  by  what  is  called  the  Eeflex-Action  of  the 
chord 

II.  The  Vital  Mechanisbi — ^What  is  meant  by 
Beflex- Action,  and  what  is  the  Beflex-Theory,  so  con- 

*  BSROMANN  und  Leuckabt  :  Vayleichende  Anatomie,  p.  515.    Com- 
pare also  Todd  :  Anat  qf  Brain  and  Spinal  Chords  pp.  2,  77. 
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tinually  invoked  by  modem  writers  ?  Several  times 
already  we  have  been  forced  to  use  these  terms  ;*  and 
now  we  have  reached  a  stage  in  our  inquiry  when  a 
distinct  understanding  of  them  becomes  indispensable. 
But  inasmuch  as  the  Beflez-Theoiy  implies  the  con- 
ception of  the  animal  organism  being  to  a  great  extent 
a  mechanism;  and  further,  inasmuch  as  our  ordinary 
conception  of  a  mechanism  carries  widi  it  the  idea  of 
actions  performed  unconsciously,  without  sensation  ;  it 
is  absolutely  necessary  that  we  should  accurately  de- 
termine the  sense  in  which  we  are  to  use,*  and  under- 
stand, such  a  phrase  as  "  the  vital  mechanism." 

The  results  of  scientific  investigation  during  many 
centuries  have  been  gradually,  and  of  late  rapidly, 
tending  to  the  conclusion  that  the  animal  oi^ganism  is 
constructed  on  principles  analogous  to  those  which 
determine  the  construction  of  a  mechanism.  It  acts 
like  a  mechanism  ;  and  differs  fix>m  one,  only  in  the 
greater  complication  of  its  parts  and  its  effects  On 
the  other  hand,  many  persons  feel  a  very  natural  re* 
pugnance  to  such  a  conception.  life  seems  to  them 
the  antithesis  to  mechanical  action  ;  the  very  notion  of 
a  mechanism  is  not  that  of  life,  but  of  a  simulacrum  of 
Ufa  Without  life,  the  organism  is  without  action. 
We  cannot  imagine  the  watch  performing  its  actions 
prompted  by  any  sensation;  we  cannot  imagine  the 
organism  performing  its  actions  tuithout  life.  This  is 
the  source  of  the  repugnance,  often  felt,  against  con- 
ceiving the  organism  as  a  mechanism;   but  this  re- 

*  See  the  explanation  given  at  p.  55-59. 
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pugnance  will  subside,  if  we  reflect  on  the  wonderful 
adjustoient  of  part  to  part,  in  a  complicated  whole,  and 
compare  it  with  the  somewhat  similar  adjustments  of 
a  mechanism  ;  bearing  in  mind  that  this  similarity  is 
not  sameness,  and  that  the  organism,  although  a  me- 
chanism, is  a  fjital  mechanism,  this  vitality  being  the 
source  of  profound  differences.  Some  theorists  have 
overlooked  the  important  element  of  vitality ;  and  have 
imagined  that  a  vital,  sensitive  machine,  can  act  like  an 
ordinary  piece  of  mechanism,  which  is  not  sensitive ; 
bat  this  error  should  not  force  us  to  give  up  a  veiy 
useful  analogy.  We  may  still  cling  to  the  fact  that 
the  adjibstments  of  the  complex  organism  determine 
its  activities :  the  muscles  set  moving  by  a  peculiar 
stimulus,  are  as  necessarily  determined  by  their  or- 
ganic adjustments,  as  the  wheels  of  a  watch  are  set 
moving  in  a  particular  way,  and  are  determined  in 
their  particular  action  by  the  peculiarity  of  tiieir  ad- 
justmenta  When  a  stimulus  to  the  respiratoiy  nerves 
brings  into  play  the  group  of  muscles  which  expand 
the  chest,  and  these,  in  turn,  bring  into  play  the  group 
which  contracts  the  chest — ^when  the  stimulus  of  food 
to  the  nerves  of  the  alimentary  canal  determines  the 
action  of  the  digestive  mechanism,  muscular  and  secre- 
tory— ^when  the  stimulus  of  pain  sets  going  the  actions 
of  flight,  struggle,  or  shrieking, — we  have  a  series  of 
actions  which  are  mechanical,  inasmuch  as  they 
depend  on  the  adjustment  of  parts,  like  the  acyustment 
of  cogged  wheels ;  and  are  vital,  inasmuch  as  they 
depend  on  vitality  for  their  performance.     With  this 

VOL.  IL  M 
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qualification,  the  idea  of  a  mechanical  construction 
becomes  important  We  perceive  how  tihe  various 
actions  of  an  animal  are  dependent  on  the  adjustmoit 
of  its  organ&  Once  set  this  medianism  going,  and  it 
can  only  act  in  the  determinate  direction  permitted  to 
its  peculiar  adjustments;  and  in  so  far  it  acts  like 
a  watch,  or  a  steam-engine.  The  organism  of  the 
chick  is  so  adjusted  that  it  can  peck  up  the  grains ; 
and  it  does  so  immediately  the  stimulus  given  to  its 
sensational  centre,  through  the  optic  apparatus,  sets 
going  the  first  of  the  necessary  movementa  It  wiQ 
do  this  as  soon  as  it  leaves  the  shell,  or  even  before  it 
leaves  the  shell  In  like  manner  the  Snapping  Turde, 
according  to  Agassiz,  snaps  as  fiercely  when  it  is  still 
a  colourless  and  undeveloped  embryo,  wrapped  up  in 
the  foetal  membranes,  as  it  does  in  after-life.  This 
surprises  us  at  first,  because  we  are  accustomed  to 
attribute  such  actions  to  "  a  conscious  and  voluntary  " 
effort  On  getting  over  our  surprise,  and  learning  to 
r^ard  these  actions  not  as  prompted  by  any  distinct 
ideas,  but  simply  as  the  results  of  an  organism  pecu- 
liarly constructed  to  act  in  this  way — ^what  we  have  to 
guard  against  is  the  error  of  those  who,  fixing  their 
attention  on  the  mechanical  adjustment,  overlook  the 
fact  of  the  sensational  guidance.  It  is  true  that  the 
animal  mechanism,  when  set  going,  acts  like  the  me- 
chanism of  a  watch  ;  but  to  set  it  going,  and  to  heep  it 
going,  there  is  needed  the  constant  presence  of  sensa- 
tion. This  has  been  frequentiy  forgotten,  and  even 
denied.    The  mechanism  has  been  credited  with  the 
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whole  phenomenon.  That  sensation  is  a  necessary  part 
of  the  mechanism — ^the  mainspring  of  the  watch — ^the 
fuel  of  the  steam-engine— seems,  singularly  enough,  to 
have  been  overlooked  The  marvellous  way  in  which 
the  sensational  element  is  bound  up  with  the  mechani- 
cal element,  so  that  our  very  sensations  may  be  said  to 
be  organised  in  ns,  is  illustrated  in  a  thousand  examples 
of  what  are  called  ''automatic  actiona"  A  piece  of 
music  with  which  we  are  familiar  may  be  performed 
"  mechanically,''  without  any  **  effort "  or  "  attention ;  * 
indeed,  while  we  are  talking  to  some  one,  or  think- 
ing of  something  else.  This  we  are  said  to  do  ''  un- 
consciously ;  ^  and  if  Consciousness  be  restricted  to 
Thought-Consciousness,  there  is,  no  objection  to  calling 
these  automatic  actions  unconscious  ;  bnt  there  is  every 
objection  to  calling  them  actions  independent  of  sensa- 
tion. The  sensations  excited  by  each  note,  and  determin- 
ing each  movement  of  the  muscles,  are  indispensable 
to  the  performance  of  music ;  the  presence  of  guiding 
sensations  suffices ;  but  without  this  presence,  the  action 
is  impossible.  Although  the  mechanism  of  the  fowl, 
whose  cerebrum  has  been  removed,  is  uninjured  except 
as  regards  one  of  its  sensational  centres,  this  mechanism 
will  not  suffice  to  keep  ike  bird  from  starvation  amidst 
heaps  of  grain ;  because  to  set  going  the  necessary  train 
of  actions  which  would  result  in  pecking,  there  is 
needed  the  stimxdus  firom  the  cerebral  centra  If  the 
grains  be  placed  Trithin  the  beak  of  this  bird,  they  will 
not  be  swallowed,  unless  they  roll  near  the  sensitive 
part  of  the  throat,  and  then,  the  stimulus  of  the  sensa^ 
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tion  being  given,  the  swallowing  actions  are  set  going, 
and  on  these  follow  the  digestive  actions.  The  theorists 
whom  I  have  chiefly  in  view  at  present,  deny  that 
swallowing  depends  upon  sensation — they  call  it  simple 
reflex-action ;  an  opinion  which  we  shall  presently 
examine.  Enough,  in  this  place,  if  we  have  made  dear 
to  ourselves  the  following  positions : — 

An  organism  is  a  mechamsm,  and  acts  mechanically, 
inasmuch  as  its  actions  are  necessa/rily  determined  by 
the  adjustment  of  its  organs.  But  the  organism  differs 
from  the  mechanism  in  being  vital,  in  having  Sensibility 
as  its  mainspring ;  and  its  actions,  which  are  caUed 
mechanical  or  automatic,  are  all  determined  by  the 
impulse  of  guiding  sensations.  It  further  differs  from 
a  mechanism  in  its  development  of  new  adjustments 
and  new  capabilities.  No  machine  has  any  self- 
development  What  its  parts  could  perform  last  week, 
they  perform  this  week,  and  no  more.  But  the  oiganism 
develops.  New  adjustments  are  formed,  so  that  a 
combination  of  actions,  which  to-day  is  impossible,  will 
become  easy,  perhaps,  at  the  end  of  a  montL  I  do 
not,  however,  conceive  it  to  be  rational  to  suppose  that 
a  group  of  muscles  which  originally  required  the 
stimulus  of  a  nerve-centre,  as  a  guiding  sensation,  to 
move  them,  will  at  any  time  move  without  that 
stimulus;  although  it  is  very  conceivable  that  the 
secondary  sensations  which  the  movements,  when  they 
were  difficult,  necessarily  excited,  should  frequently  be 
absent,  now  the  movements  are  so  easy  that  they  cUum 
no  attention.     I  can  conceive  the  possibility  of  having 


I 


THE  REFLEX   THEORT.  165 

a  sensation  without  thinking  of  it,  and  I  can  conceive 
automatic  actions  to  be  determined  by  guiding  sensa- 
tions, although  the  mind  may  not  be  "  conscious  "  of 
them. 

in.  The  Theory  op  Reflex-Action. — ^The  mus- 
cular movements  have  from  time  immemorial  been 
grouped  ujnder  two  heads  :  the  voluntary,  and  involun- 
tary. We  shall  have  to  consider  the  nature  of  this 
distinction  presently,  but  must  now  inquire  into  that 
principle  of  Reflex- Action  which,  I  conceive,  underlies 
all  the  nervous  phenomena,  but  which  Marshall  Hall 
conceived  was  characteristic  of  only  a  particular  clasa 
There  were,  he  thought,  four  distinct  classes :  the 
voluntary,  dependent  on  the  brain ;  the  involuntary, 
dependent  on  the  irritability  of  the  muscular  fibre  ;  the 
respiratory,  wherein  "  the  motive  influence  passes  in  a 
direct  line  from  one  point  of  the  nervous  system  to 
certain  muscles  ; "  and  the  reflex,  dependent  on  the 
"true  spinal  system '^  of  inciden^eojcitor  nerves,  and 
of  refl.ex-motOT  nerves.  These  last-named  actions  are 
produced  when  an  impression  on  the  sensitive  surface 
is  conveyed,  by  an  excitor-nerve,  to  the  spinal  chord, 
and  is  there  reflected  back  on  the  muscles  by  a  corre- 
sponding  motor-nerve.  In  this  process  no  sensation 
whatever  occurs.  The  action  is  purely  reflex,  purely  ex- 
cito-motor — like  the  action  of  an  ordinary  mechanism.* 

*  Marshall  Hall  in  Philot.  Trans,,  1838.  Lectures  on  the  Nerwnu 
System  and  its  Diseases,  1836.  Hew  Memoir  on  the  Nervous  System, 
1848. 
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Miiller,  who  shares  with  Marshall  Hall  the  gloiy 
of  having  established  this  classification,  thinks  that 
although  the  absence  of  sensation  is  a  characteristic 
of  the  reflex-actions,  these  actions  may  be,  and  are  at 
times,  accompanied  by  sensation.  "  The  view  I  take 
^f  the  matter  is  the  following :  Irritation  of  sensitive 
fibres  of  a  spinal  nerve  excites  primarily  a  centripetal 
action  of  the  nervous  principle,  conveying  the  im- 
pression to  the  spinal  chord ;  if  the  centripetal  action 
can  then  be  continued  to  the  sensortnm^  canvmune,  a 
true  sensation  is  the  result ;  if,  on  account  of  division 
of  the  chord,  it  cannotbe  communicated  to  the  sensorium, 
it  still  exerts  its  whole  influence  upon  the  chord ;  in 
both  cases  a  reflex  motor-action  may  be  the  result"  * 

This  is,  in  brief,  the  Reflex  Theory,  which  Marshall 
Hall  and  Miiller  have  succeeded  in  making  an  Euro- 
pean doctrine.  There  has  been  much  discussion,  often 
exploding  on  both  sides  into  anger  and  injustice,  re- 
specting Marshall  Hall's  claims  to  originality.  He 
has  been  accused  of  plagiarism  from  Prochaska ;  but 
I  think  that  whoever  attentively  traces  the  history  of 
the  doctrine,  will  find  that  although  Prochaska  un- 
doubtedly described  the  reflex-actions,  and  called  them 
reflex,  long  prior  to  Marshall  Hall — and,  as  it  seems 
to  me,  conceived  the  whole  phenomenon  with  far 
greater  accuracy  than  was  ever  attained  either  by 
Marshall  Hall  or  by  Milller — yet  it  is  very  probable 
that  Marshall  Hall  was  unacquainted  with  his  prede- 
cessor, who  had  long  been  dead,  and  whose  theory  had 
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excited  no  attention ;  and  it  is  certain  that  the  theory 
propounded  by  Marshall  Hall  was  not  that  propounded 
by  Frochaska,  but  differed  in  essential  points  from  it 
This,  however,  is  what  neither  Hall  nor  his- adversaries 
seem  to  have  known.  So  entirely  had  Prochaska's 
theoiy  escaped  attention,  that  even  Muller,  in  announc, 
ing  Hall's  theory,  and  giving  him  the  credit  of  priority 
over  his  own  nearly  contemporaneous  discovery,  never 
once  alludes  to  Frochaska ;  and  Arnold,  in  the  histo- 
rical sketch  in  which  he  enumerates  those  who  before 
Hall  had  knowledge  of  the  fstcts  of  reflex-action,  is 
evidently  unaware  of  Frochaska's  claims.*  When, 
therefore,  Hall  and  Miiller  took  up  this  subject,  it  was 
new  to  the  scientific  world ;  they  succeeded  in  making 
the  world  accept  their  theory. 

The  one  fundamental  point  in  this  theory  which 
seems  to  me  wholly  inadmissible,  is  the  supposition 
that  the  reflex-mechanism  is  independent  of  Sensibility 
— that  reflex -actions  take  place  wiikovt  sensation. 
And,  unless  I  have  wholly  misunderstood  Frochaska's 
general  views,  this  is  the  point  which  he  also  woiQd 
have  considered  erroneous.  The  reader  may  be  glad 
to  have  Frochaska  s  exposition  of  the  reflex-actions. 
We  must  premise  that  he  always  means  to  indicate  the 
whole  of  the  Spinal  Chord,  Medulla  Oblongata,  Optic 
Thalami,  and  the  <yrwra  GerebeUi  et  Cerebri,  when  he 
speaks  of  the  sensorium  commune :  '*  The  reflexion  of 
sensorial  into  motor  impressions  which  takes  place  in 
the  sensorium  commune,  is  not  performed  according  to 

*  J.  W.  Arnold  :  Die  Lekn  von  der  IMUx  Funcium,  1842. 
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mere  physical  laws,  where  the  angle  of  reflexion  is 
equal  to  the  angle  of  incidence,  and  where  the  re> 
action  is  equal  to  the  action ;  but  that  reflexion  follows 
according  to  certain  laws,  writ,  as  it  were,  by  Nature 
on  the  medullary  pulp  of  the  sensorium,  which  laws 
we  are  able  to  know  from  their  efiects  only,  and  in 
nowise  to  find  out  by  our  reason.  The  general  law, 
however,  by  which  the  sensorium  commune  reflects 
sensorial  into  motor  impressions,  is  the  preservation 
of  the  individual ;  so  that  certain  motor  impressions 
follow  certain  external  impressions  calculated  to  injure 
our  body,  and  give  rise  to  movements  having  this 
object,  namely,  that  the  annoying  cause  be  averted  and 
removed  &om  our  body;  and  vice  versd  internal,  or 
motor  impressions  follow  external  or  sensorial  impres- 
sions beneficial  to  us,  giving  rise  to  motions  tending 
to  the  end  that  the  agreeable  condition  shall  be  main- 
tained 

"Very  many  instances  which  might  be  adduced, 
undoubtedly  prove  this  general  law  of  the  reflexions 
of  the  sensorium  commune,  of  which  it  may  be  suffi- 
cient to  mention  a  few.  Irritation  being  made  on 
the  internal  membrane  of  the  nostrils  excites  sneezing, 
because  the  impression  made  on  the  olfactory  nerves 
by  the  irritation  is  conducted  along  them  to  the  sen- 
sorium commune,  there  by  a  definite  law  is  reflected 
upon  motor  nerves  going  to  muscles  employed  in 
respiration,  and  through  these  produces  a  strong  ex- 
piration through  the  nostrils,  whereby  the  air  passing 
with  force  the  cause  of  irritation,  is  removed  and 
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rejected  In  like  maimer  it  happens  that  when  irrita- 
tion is  cansed  in  the  windpipe  by  the  descent  of  a  par- 
ticle of  food  or  a  drop  of  fluid,  the  irritation  excited 
is  conducted  to  the  sensorium  commune,  and  there 
reflected  on  the  nerves  devoted  to  the  movement  of 
respiration,  so  that  a  violent  cough  is  excited ;  a  most 
suitable  means  for  expelling  the  cause  of  the  irritation, 
which  does  not  cease  till  the  irritant  be  ejected.  If  a 
Mend  brings  his  finger  near  to  our  eye,  although  we 
may  be  persuaded  that  no  injury  is  about  to  be  done 
to  us,  nevertheless  the  impression  carried  along  the 
optic  nerve  to  the  sensorium  commune,  is  there  so  re- 
flected upon  the  nerves  devoted  to  the  motion  of  the 
eyelids,  that  the  eyelids  are  involuntarily  closed,  and 
prevent  the  offensive  contact  of  the  finger  with  the  eye. 
These,  and  innumerable  other  examples  which  might 
be  brought  forward,  manifestly  show  how  much  the 
reflexion  of  sensorial  impressions  into  motorial,  eSSBcted 
through  the  sensorium  commune,  has  reference  to 
maintaining  the  conservation  of  the  body. 

"  Since  the  principai  function  of  the  sensorium  com- 
mune thus  consists  id  the  reflexion  of  sensorial  im- 
pressions into  motor,  it  is  to  be  noted  that  this  re- 
flexion may  take  place  either  with  consciousness  or 
without  consciousness." 

We  must  interrupt  the  quotation  here,  to  remark, 
that  when  Prochaska  says  reflexes  may  take  place 
with  or  without  consciousness, — or,  to  use  his  own 
phrase,  vel  animd  inscid,  vel  verb  animd  conscid — ^he 
means  "  with,  or  without,  Thotight-conscioTxaness,'*  and 
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not,  as  SO  often  misinterpTeted,  "with,  or  without^ 
scLtioTk"    This  distinction  entirely  accords  with  the  Tiew 
I  hold,  but  is  different  from  that  generally  held. 

''  The  movements  of  the  heart,  stomach,  and  intes- 
tines," he  continues,  "are  certainly  in  nowise  depend- 
ent on  the  consciousness  of  the  soul,  for  whilst  no 
muscular  movement  can  be  excited  unless  a  stimulus 
applied  to  the  sensorial  nerves  passes  by  a  peculiar  re- 
flexion to  the  motor  nerves,  and  excites  contractions 
of  the  muscle,  it  is  at  the  same  time  certain  that  the 
reflexion  of  the  impressions  suitable  for  exciting  those 
movements,  if  it  takes  place  in  the  sensorium  com- 
mune, is  affected  without  consciousness  [Thought^con- 
sciousness].  But  it  is  a  question  wheth^  these  impress 
sions,  in  order  that  they  may  be  reflected,  do  really 
travel  so  £u:  as  the  sensorium  commune,  or,  without 
taking  this  long  circuit,  are  reflected  nearer  in  the 
ganglia  from  whence  these  parts  derive  many  nerves? 
TMs  matter  is  to  be  considered  afterwards.  But  that 
reflexions  of  sensorial  impressions  into  motor  are 
effected  in  the  sensorium  commune  itself,  while  the 
mind  is  altogether  unconscious,  is  shown  by  certain 
acts  remaining  in  apoplectics  deprived  entirely  of  ccm- 
sdousness ;  for  they  have  a  very  strong  pulse,  breathe 
strongly,  and  also  raise  the  hand,  and  very  oft«n  apply  it 
unconsciously  to  the  part  affected.  The  ^nsorium  com- 
mune also  acts  independently  of  consciousness  in  pro- 
ducing the  convulsive  movements  of  epileptics,  and  also 
those  which  are  sometimes  observed  in  persons  buried 
in  profound  sleep,  namely,  the  retractions  of  pricked  or 
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• 

irritated  limbs,  to  say  nothing  of  the  motion  of  the 
heart  and  the  respiratoiy  acts.  To  this  category  also 
belong  all  those  motions  which  remain  some  time  in 
the  body  of  a  decapitated  man,  or  other  animal,  and 
are  excited  when  the  tronk,  and  particularly  the 
medulla  spinalis,  are  irritated,  which  motions  certainly 
take  place  without  consciousness,  and  are  regulated  by 
the  remaining  portion  of  the  sensorium  commune 
existing  in  the  medulla  spinalia"* 

It  is  clear,  from  this  passage,  that  Prochaska,  in 
explaining  the  actions  which  take  place  "  without  con- 
sciousness," did  not  mean  that  they  took  place  without 
sensation ;  he  meant  that  they  were  neither  determined 
by,  nor  followed  by,  thought.  He  uses  the  word  Con- 
sciousness as  equivalent  to  Thinking ;  and  this  is  a 
very  general  use  of  the  term,  nowadays,  as  we  find  in 
writers  who  declare  that  we  cannot  have  sensations 
unless  we  know  that  we  have  them.  In  strict  physio- 
logical language,  this  is  tantamount  to  saying  that  we 
cannot  have  spinal  Sensibility  unless  we  have  at  the 
same  time  cerebral  Sensibility — that  the  spinal  chord 
cannot  act  independently  of  the  Brain ;  whereas  we 
know  that  it  can,  and  does,  act  independently  of  the 
Brain ;  and  it  is  to  distinguish  such  actions  that  the 
term  ''  reflex  "  has  been  invented.  To  suppose,  as  is 
commonly  supposed,  that  the  cerebrum  endows  the 
spinal  chord  with  sensibility — that  an  impression  only 

*  UirZEB  and  Prochaska  On  the  Ntrvcut  System.  Translated  by 
Dr  Latcx>ck,  p.  430-2.  The  original  may  be  seen  in  Pboohaska: 
Opera  Minora,  pars  ii.,  cap.  2. 
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becomes  a  sensatioii  when  it  reaches  the  Brain — is  to 
suppose  what  the  whole  course  of  modem  investigatiaQ 
tends  to  refute,  namely,  that  the  spinal  diord  is  amply 
a  conductor,  and  not  itself  a  centre ;  and  it  is  also  to 
suppose  that  the  Bram  is  essentially  different  bom  the 
Chord.  Prochaska  seems  to  have  understood  that  the 
ei^nsorium  must  first  be  called  into  actiyity  before  a 
motion  can  be  produced  ;  the  sensations  excited  in  this 
sensorium  are  quite  independent  of  any  thought  which 
they  may,  or  may  not,  excite  in  the  Brain. 

It  is  here  that  Marshall  Hall  diveiges  irom  Pro- 
chaska, and,  as  I  think,  it  is  here  his  error  beginsu 
Tet,  in  common  with  his  antagonists,  he  imagined 
Prochaska  held  reflex-action  to  be  wholly  divorced  from 
sensation.  His  distinguished  ally,  Mr  Grainger,  whose 
work*  is  far  more  philosophical  than  anything  "MnraliAll 
Hall  ever  wrote,  also  insists  on  this  absence  of  sensa- 
tion as  the  distinguishing  peculiarity  of  reflex-action. 

Mr  Grainger  seems  fully  impressed  with  the  philo- 
sophical canon  to  which  we  have  constantly  referred, 
that  similarity  of  structure  necessarily  implies  similar- 
ity of  properties ;  but  instead  of  concluding  that  the 
brain  and  spinal  chord,  being  similar  in  structure,  must 
have  sensibility  in  common,  he  assumes  a  diversity  of 
structure  to  correspond  with  an  assumed  diversity  of 
function.  The  Reflex-Theory,  he  truly  remarks,  wants 
an  anatomical  basis :  "  unless  a  set  of  nerves  distinct 
from  those  of  sensation  and  volition  be  capable  of 

•  Grainger  :  Obtervalums  on  the  Strvtture  and  Functiont  <if  the  Spimai 
Chord,  1837. 
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demonstration,  it  is  impossible  to  establish  the  correct- 
ness of  what,  without  such  evidence,  is  merely  an 
hypothesis."  Accordingly  he  set  himself  the  delicate 
task  of  demonstrating  this  distinct  class  of  nerves. 
Sharing  the  prejudices  of  that  day  against  the  use  of 
the  microscope,  and  refusing  to  use  a  lens  for  fear  of 
deception,  his  task  became  impossible.  In  the  twenty 
years  which  have  since  elapsed,  men  have  learnt  to  use 
the  microscope  with  more  security,  and  in  the  last  ten 
years  they  have  learnt  how  to  make  preparations, 
which,  if  they  have  not  taught  us  the  whole  structure 
of  the  spinal  chord,  must  in  the  course  of  time  lead  to 
accurate  knowledga  Anatomists  have  long  rejected 
the  supposed  system  of  excito-motory  fibres. 

[While  these  sheets  are  passing  through  the  press, 
I  find  Schroeder  van  der  Kolk,  whose  statements,  as  I 
have  before  hinted,  are  to  be  received  with  extreme 
caution,  describes  a  system  of  reflex-fibres,  with  a  con- 
fidence rather  surprising  when  we  scrutinise  his  evi- 
dence. He  maintains  that  each  posterior  root,  on 
entering  the  white  columns  of  the  chord,  divides  into 
two  bimdles ;  the  one  bundle,  containing  purely  sensoiy- 
fibres,  runs  straight  up  to  the  brain ;  the  other  bundle, 
containing  purely  reflex-fibres,  runs  into  the  grey  matter 
of  the  chord,  where  the  fibres  terminate  in  the  gan- 
glionic cells.  It  is,  he  says,  because  the  posterior  root 
contains  these  two  kinds  of  fibres,  that  it  is  larger  than 
the  corresponding  anterior  root  On  this  I  have  to 
remark,  first,  that  the  facts  on  which  this  hypothesis  is 
based  are  excessively  questionable ;  secondly,  that  the 
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supposed  confirmation  drawn  firom  the  larger  aize  of 
the  posterior  root  is  wortMess,  inasmuch  as  the  fact  is 
only  trae  with  regard  to  some  animals — ^in  the  finog, 
for  instance,  the  posterior  root  is  smaUer  than  the  an- 
terior ;  and  finally,  that  if  the  anatomical  facts  were  as 
he  states  them,  his  conclusion  would  not  be  less  rash 
and  hypothetical  For  let  us  grant  that  one  fibre 
enters  the  grey  substance  of  the  chord,  and  there 
terminates  in  a  ganglionic  cell,  whereas  another  fibre 
runs  up  to  the  Medulla  Oblongata,  and  there  tennin- 
ates  in  a  ganglionic  cell  (which  is  the  real  statement 
of  his  position,  stripped  of  equivocal  language),  what 
difierence,  of  an  essential  kind,  is  here  established,  such 
as  could  justify  the  distinction  of  sensory  and  reflex 
fibres?] 

The  anatomical  basis  for  the  Beflex-Theory  is  still 
to  seek.  Indeed,  were  a  distinct  set  of  nerves  to  be 
discovered,  they  must  be  in  connection  with  nerve- 
centres  ;  and  inasmuch  as  the  reaction  of  a  nerve- 
centre  is  Sensibility— inasmuch  as  aU  nerve-centres 
must  have  the  same  property,  in  spite  of  any  di£ferenoe 
in  their  fwnctians, — ^it  is  dear  that  the  reflex-fibres 
would  excite  Sensibility,  if  they  excited  the  centre.* 

*  A  friendly  critic  objects:  "How,  in  this  case,  do  yon  explain 
one  nerve-centre  appreciating  only  sound,  and  another  light,  and  an* 
other  flavour  f  Rigorously  interpreted,  your  poation  would  involve 
that  all  sensations  are  the  same."  By  no  means ;  my  position  is,  that 
all  sensations  are  forms  of  Sensibility,  and  their  differences  result  from 
variations  in  the  nature  or  degree  of  the  stimuluB.  The  same  sldtt- 
nerve  yields  to  different  stimuli  the  very  different  sensationa  of  touch, 
warmth,  cold,  tickling,  pressure,  pain,  &o«  The  subject  wiU  be 
treated  more  fully  in  the  next  chapter. 
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Let  ua,  however,  see  what  physiological  observations 
can  be  adduced  in  favoar  of  the  reflex-theory. 

"  We  have  lastly  to  inquire/'  says  MiiUer,  "  how  far 
true  sensation  is  engaged  in  the  production  of  reflex 
motions.  Volkmann  inclines  to  the  opinion  of  Whjrtt, 
that  the  motions  consequent  on  impressions  are  the 
result  of  sensations  conveyed  to  the  sensorium,  giving 
rise  to  spontaneous  reactions  That  this  is  in  many 
instances  the  case,  appears  to  me  indubitable,  particu- 
larly with  those  reflex  phenomena  which  occur  in  an 
unimpaired  state  of  the  brain  and  spinal  chord  Thus 
I  regard,  for  example,  the  closure  of  the  eyes  under  the 
stimulus  of  a  strong  light,  and  the  action  of  the  respira- 
tory muscles  induced  by  irritation  of  the  mucous  mem- 
branes of  the  respiratory  oigans,  or  intestinal  canaL'^ 
Note  this  admission,  and  then  consider  the  counter- 
argument he  brings  forward :  "  But  when  we  remem- 
ber that,  if  we  divide  the  trunk  of  a  salamander  into 
several  portions,  each  part^  if  it  contain  a  fragment  of 
the  spinal  chord,  will  still  evidence  the  reflex  motions, 
we  can  scarcely  maintain  the  applicability  of  this  view 
to  all  casea'^  * 

Here  the  question  naturally  rises  :  Why  can  we  not 
suppose  the  segments  of  the  chord  to  be  sensitive,  and 
its  actions  to  be  determined  by  sensations,  as  well 
when  the  brain  is  absent,  as  when  the  brain  is  pre* 
sent?  The  only  obstacle  is  in  the  prejudice  respecting 
the  brain  being  the  sole  seat  of  sensation  (compare 
page  84).    But  look  at  the  facts.    We  etherise  a  frog, 

♦  Mttllsb,  720. 
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and  cut  off  its  head ;  after  which  we  divide  its  spinal 
chord,  in  the  r^on  of  the  bacL  We  haye  then  two 
segments  of  a  headless  animal  When  the  effect  of  the 
ether  has  disappeared,  we  pinch,  or  prick,  the  f<»e4eg, 
and  it  is  at  once  withdrawn ;  we  do  the  same  to  the 
hind'leg,  and  it  is  withdrawn;  we  irritate  the  pos- 
teriors, and  the  hind-1^  vehem^itly  push  the  instra- 
ment  away.  Another  frog,  also  decapitated,  hops  away 
when  thus  irritated ;  but  this  one,  with  the  divided 
chord,  cannot  hop.  All  these  actions  of  the  decapi- 
tated animal  are,  we  are  told,  purely  reflex,  totally 
without  sensation ;  ''  because  sensation  is  only  possible 
when  the  brain  is  present/'  In  the  uninjured  frog 
these  actions  result  from  sensations,  because  the  im- 
pressions on  the  skin  are  condtu^ted  to  the  bnuiL 
All  this  seems  clear  enough  until  we  extend  our  obser- 
vations. Let  us  decapitate  a  frog,  and  see  whether  llie 
head,  separated  from  the  body,  will  not  exhibit  the 
same  signs  of  Sensibility  which  are  exhibited  by  the 
body  separated  from  the  head.  We  touch  the  eye,  and 
the  eyelid  closes ;  we  throw  a  strong  light  on  the  eye, 
and  the  pupil  contracts  and  the  lid  closes ;  we  touch 
the  tongue,  or  the  inside  of  the  mouth,  and  the  larynx 
makes  a  motion  of  swallowing.  All  these  are  pre- 
cisely similar  to  what  occurs  in  the  uninjured  frog,  and 
are  clearly  allied  to  the  actions  of  the  headless  trunk ; 
yet  Physiologists  would  have  us  believe  that  these 
actions,  both  of  head  and  trunk,  which  indicate  sen- 
sation when  the  animal  is  entire,  do  not  indicate  sensa- 
tion when  the  head  is  separated  from  the  body ;  they 
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woidd  have  us  belieye  that  the  motions  of  the  eyelid, 
pupil,  and  larynx,  in  the  separated  head,  are  purely 
reflex,  wholly  destitute  of  sensation.  I  confess  this 
seems  to  me  very  arbitrary.  The  headless  trunk  is 
first  said  to  be  incapable  of  sensation,  because  the  brain 
cannot  be  reached ;  and  then  the  head  itself  is  said  to 
be  incapable  of  sensation,  although  impressions  on 
it  do  reach  the  brain.  Does,  then,  sensation  depend  on 
the  union  of  the  spinal  chord  with  the  brain  ? 

But  however  arbitrary  it  may  seem  to  deny  sensation 
.to  the  separated  head,  and  to  consider  its  actions  as 
purely  reflex,  there  is  absolute  necessity  for  such  a  posi- 
tion, if  the  Reflex-Theory  is  to  be  upheld ;  because,  if  we 
giant  sensation  to  the  separated  head,  when  we  see  it 
responding  in  the  usual  maimer  to  stimuli,  we  can 
have  no  grounds  for  denying  sensation  to  the  separated 
'body,  when  we  see  it  responding  in  the  usual  manner 
to  stimtdi 

In  the  numerous  experiments  I  have  made  with  a 
view  to  a  right  understanding  of  this  subject,  those  on 
insects  have  furnished  decisive  examples.  When  a 
wasp  is  cut  in  two,  both  halves  live,  and  manifest  Sen- 
sibility (if  we  assume  that  a  wasp  ever  manifests  it, 
and  is  not  a  mere  machine)  during  three  or  four  day& 
If  you  irritate  one  half— the  head — ^it  will  bite;  if  you 
irritate  the  other  half— the  tail — it  will  sting.  Take 
a  beetle,  such  as  the  large  water-beetle,  Dytiscus  mar- 
ginaiis,  and  remove  its  head  Here  is  one,  which 
was  decapitated  eleven  hours  ago.  At  first  the  head 
twittered  its  antennas,  and  moved  its  mandibles,  just 
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as  it  bad  done  before  decapitation  :  this  mis  evidence 
of  spontaneous  action.  It  also  freqnenUy  moved  the 
laiynx.  Sometimes  it  spnn  ronnd  on  the  table  by 
means  of  its  long  antennaa.  When  qniet,  if  I  touched 
it,  these  motions  were  resumed.  It  seized  any  object 
with  its  mandibles,  and  bit  fiercely.  About  ten  hoots 
ago  all  Bpoutaneons  action  ceased;  bat  any  irritation 
produced  the  reactioiis  of  sensibiUty.  All  this  tdiile 
the  headUst  trunk  was  swimming  rapidly,  and,  if  irri- 
tated, behaved  precisely  as  the  trunk  of  an  uninjured 
insect  behaves. 

Once  more,  I  ask.  How  can  we  refuse  this  evidence  of 
sensibility,  unless  we  bddly  deny  tiiat  the  insect  has 
sensibility  at  all?     If  we  accord   sensibility  to  the 
entire  beetle,  we  must  accord  it  to  the  separated  head ; 
P]g,  ei.  ''I''  >f  to  t^be  separated  bead,  then, 

OQ  the  same  groimds,  to  the  ae-  * 
paiated  body.  Cast  a  glance  at 
the  nervous  system  of  the  beetle, 
and  yon  observe  that  the  gang}is 
in  the  bead  are  similar  to  those  in 
the  trunk,  and  are  only  united 
with  them  by  two  threads  of 
nerve-fibres.  Is  it  rational  to  sup- 
pose that  the  mere  &ct  of  union 
"tan!!^^^'' lui^M'  ^  ^'^^  threads  can  endow  actions 
*"'^*  with   sensation,  when  we  know 

that  the  actions  themselves  are  the  same  whether  the 
imion  exist  or  not ;  and  the  only  difference  created  by  a 
division  is,  that  the  actions  of  the  fore-part  are   no 
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longer  consentaneous  with  the  actions  of  the  hind-part  ? 
The  nervons  communication  enables  the  two  parts  of  the 
insect  to  act  together  ;  it  does  not,  and  it  cannot,  giye 
sensation  where  no  Sensibility  existed.  According  to 
the  view  I  take,  Sensibility  is  the  property  of  eveiy 
ganglion,  jnst  as  Contractility  is  the  property  of  eveiy 
rnnsda  And  carrying  this  idea  with  us,  we  shall  find 
experimental  evidence  in  abundance ;  for,  suppose  we 
cut  off  one  segment  of  an  animal's  body,  the  loss  of 
this  segment  will  not  entail  a  loss  of  sensibility  in  the 
rest  of  the  body ;  a  dog,  or  a  lizard,  may  lose  its  tail 
without  losing  its  susceptibility  to  impressionsL  Let 
us  now  remove  another  segment  The  insect  continues 
to  fly,  walk,  bite,  &a,  as  befora  From  this  sensitive, 
though  truncated,  insect,  we  continue  to  remove  seg- 
ment after  segment,  till  we  reach  the  last  segment,  or 
head.  In  the  course  of  these  operations  we  find  the 
insect  more  and  more  crippled,  but  at  no  point  ceasing 
to  manifest  sensibility:  the  head  gives  unequivocal 
signs,  just  as  the  whole  body,  minus  one  segment, 
gave  unequivocal  signs.  There  is  but  this  alternative : 
either  we  must  deny  that  the  insect  at  any  time  has 
sensibility ;  or  we  must  assert  that  only  in  the  ganglia 
of  the  head  does  sensibility  reside.  The  first  of  these 
positions  would  render  Physiology  silent  altogether, 
and  indeed  would  render  it  impossible  for  us  to  draw 
any  conclusions  respecting  man  ;  since  it  is  only  by  the 
similarity  of  their  actions  with  our  own  that  we  can 
conclude  men  to  have  feelings  similar  to  our  own :  each 
man  can  only  have  direct  knowledge  of  his  cwn  con- 
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sdousness.  The  second  positioQ  of  the  altematiTe, 
which  makes  Sensibility  the  exclusive  property  of  the 
cephalic  ganglia^  is  an  assumption  contradicted  on  the 
one  hand  by  the  anatomical  identity  of  all  ganglia^ 
and  on  the  other  hand  by  the  physiological  identity  of 
the  actions  of  head  and  trunk,  when  separated. 

That  I  am  notdoing  the  upholders  of  the  Beflez-Theoiy 
any  injustice  in  asserting  that  they  call  the  actions  of 
the  separated  head  purely  reflex,  without  sensation, 
will  be  apparent  firom  the  following  passage  from 
Marshall  Hall's  Memoir: — He  decapitated  a  turtle. 
"  The  head  being  placed  upon  the  table  for  observation, 
it  was  first  remarked  that  the  mouth  opened  and  shat^ 
and  that  the  submaxillary  int^raments  descended  and 
ascended  alternately  from  time  to  time,  replacing  the 
acts  of  respiration.    I  now  touched  the  eye  or  eyelid 
with  a  probe.    It  was  immediately  closed :  the  other 
eye  closed  simultaneously.    I  then  touched  the  nostril 
with  the  probe.     The  mouth  was  immediately  opened 
widely,  and  the  submaxillary  membranes  descended. 
This  effect  was  especially  induced  on  touching  the 
nasal  fiinges  situated  just  within  the  anterior  part  of 
the  maxilla    Having  made  these  observations,  I  gently 
withdrew  the  medulla  and  brain.    All  the  phenomena 
ceased  from  that  moment     The  next  observations 
were  made  upon  the  other  parts  of  the  animal    The 
limbs,  the  tail,  were  stimulated  by  a  pointed  instru- 
ment or  a  lighted  taper.    They  were  immediately 
moved  with  rapidity.    The  sphincter  was  perfectly 
circular  and  closed :  it  was  contracted  still  more  fon> 
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ibly  on  the  application  of  a  stinmlna  On  withdrawing 
the  spinal  marrow  gently  out  of  its  canal  all  these 
phenomena  ceased/'  The  conclnsions  drawn  from 
these  observations  are  not  a  little  surprising  to  any 
one  who  has  a  sense  of  logical  proof.  "  This  experi- 
ment/' he  continues,  "  affords  evidence  of  many  im- 
portant facts  in  physiology.  It  proves  that  the  pre- 
sence of  the  medulla  oblongata  and  spinalis  is  neces- 
sary to  the  contractile  function  of  the  eyelids,  the 
submaxillary  textures,  the  larynx,  the  sphincters,  the 
limbs  and  the  tail,  on  the  application  of  stimuli  to  the 
cutaneous  surfaces  or  mucus  membranes  [which  no 
one  doubted].  It  proves  ( ! )  the  reflex  character  of 
this  property  of  the  medulla  oblongata  and  spinalis, 
and  the  dependence  of  these  motions  upon  the  reflex 
function.  It  proves  that  the  tone  of  the  limbs,  and 
the  contractile  property  of  the  sphincter,  depend  upon 
the  same  reflex  function  of  the  medulla  spinalis — 
eflPects  not  hitherto  suspected  by  physiologists/'  * 

Now  what  is  the  proof  here  afibrded?  The  facts 
are,  that  the  limbs  and  tail  contract,  when  stimulated, 
although  the  head  be  removed  from  the  body.  This  is 
assumed  to  be  a  proof  that  such  contractions  take 
place  without  sensation,  because  the  Brain  is  assumed 
to  be  the  sole  seat  of  sensation.  "  In  decapitated  ani- 
mals the  very  organ  of  sensation  and  volition,  and  the 
other  mental  faculties,  is  removed."  •(•  But  unhappily 
for  this  argument,  the  facts  cited  by  him  show,  that 

*  Mabshall  Hall  :  Philot.  Tram,  1833,  p.  644. 

t  Mabshall  Hall  :  New  Memoir  on  the  Nervoue  System,  p.  82. 
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when  the  "veiy  organ"  itself  is  present — in  the 
severed  head — ^precisely  similar  phenomena  are  ob- 
served.    If  the  brain  is  the  very  organ  of  sensation,  it 
will  manifest  sensibility  as  long  as  any  vitality  remains^ 
whether  joined  to  the  body  or  severed  from  it :  jnst  as 
muscles  manifest  contractility,  and  the  heart  beats, 
when  separated  from  the  body:  it  ia  bnt  a  feeble 
manifestation,  I  admit,  but  as  long  as  there  is  any 
manifestation,  it  will  be  of  the  organic  Junction  pecm- 
liar  to  the  organ.    In  most  animals,  the  loss  of  blood, 
and  the  shock,  destroy  at  once  all  manifestation  of 
sensibility  in  the  severed  head ;  *  but  in  reptiles^  batrar 
chians,  and  insects,  the  property  still  endures  for  a 
short  period. 

Does  not  the  reader  perceive  that  if  the  head, 
containing  the  "  organ  of  sensation,"  after  being 
severed  from  the  body,  manifests  any  of  those  signs  of 
sensibility  which  it  manifests  when  joined  to  the  body, 
we  can  have  no  right  whatever  to  say  these  identical 
effects  are  due  to  different  causes  t  Does  he  not 
further  see  that  if  the  phenomena  observed  in  the 
body  separated  from  ike  head,  are  precisely  similar  to 
those  observed  in  the  tminjured  animal,  and  to  those 
observed  in  the  severed  head,  these  identical  pheno- 
mena cannot  be  due  to  different  causes  ?  Deny  that 
the  separated  body  manifests  sensibility,  and  yon 
must  deny  that  the  separated  head  manifests  it ;  bnt 

■"*  Were  it  not  so,  the  Bofferinga  of  a  man  beheaded  would  be  fright- 
All.  But  we  know,  from  experiments  on  mammals^  that  the  looa  of 
blood  causes  death  before  the  shook  passes  away. 
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yon  cannot  stop  here,  you  mnst  also  deny  that  the 
uninjured  animal  manifests  it 

That  is  the  interpretation  I  put  upon  the  facta  The 
one  suggested  by  Marshall  Hall  rests  on  the  double 
assumption  that  the  Brain  is  the  exclusive  seat  of 
Sensibility  (an  assumption  of  the  very  point  in  ques- 
tion), and  that  unless  the  Brain  be  in  vital  connection 
with  the  rest  of  the  body,  all  Sensibility  is  impossible. 
Of  j>roq/' there  is  not  a  shadow.  Indeed,  I  cannot  help 
an  expression  of  surprise  at  the  weakness  of  the  evi- 
dence on  which  this  celebrated  Beflex-Theory  is  based. 
Except  the  striking  facts  noted  of  human  beings,  with 
injured  spines,  who  were  insensible  to  prickings  and 
burnings — ^facts  which  we  shall  hereafter  see  do  not  in 
any  way  contradict  the  views  put  forth  in  these  pages, 
and  do  not,  when  properly  considered,  give  the  Beflex- 
Theory  any  countenance — there  is  not  a  single  fact,  or 
experiment,  which  can  make  us  pausa  As  to  Mar- 
shall Hall's  few  experiments,  the  facts  are  so  inaccu- 
rately stated  by  him,  or,  when  accurate,  are  so  illogic- 
ally  interpreted,  that  a  feeling  of  the  ludicrous  is 
irresistible  when  we  hear  him  declare :  "Nothing  can 
affect  my  view  of  the  subject,  which  is,  as  I  have 
stated,  the  simple  eapression  of  the  facts*' 

Let  us  give  Marshall  Hall  due  honour  for  his  in- 
genuity and  his  steady  pertinacity  against  all  opposi- 
tion, but  let  us  also  rigidly  question  the  claims  even  of 
the  most  honoured.  I  do  not  think  that  accuracy  of  ob- 
servation,  or  of  reasoning,  were  his  strong  points ;  and 
in  the  course  of  the  following  pages  the  reader  will  see 
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grounds  for  this  judgment  Meanwhile  two  important 
misstatements  call  for  notice.  One  of  the  cardinal 
"  facts '"  in  Hall's  theory  is,  that  decapitated  animals 
never  move  imless  excited  to  motion  by  an  exterjial 
stimulus.  This  fact  I  positiyely  deny.  Had  he  kept 
frogs  and  tritons  for  days  after  decapitation,  or  weeks 
after  division  of  the  spinal  chord,  he  would  have  ob- 
served frequent  refutations  of  his  hasty  oonchision. 
Had  he  even  remembered  Bedi's  account  of  the  tortoise, 
which,  after  the  whole  cranial  cavity  had  been  com- 
pletely emptied,  walked  about  as  usual,  and  lived  for 
five  months,^  he  would  never  have  ventured  on  such  a 
statement. 

Some  time  ago  I  removed  the  brain  fix)m  a  frt)g,  and 
left  it  on  a  plate  to  recover  from  the  effects  of  ether. 
The  next  morning  the  servant  came  to  me,  with  sup- 
pressed alarm,  assuring  me  my  frog  would  escape 
"  No,  there's  no  danger.  It  can't  escape,  its  head  is 
off."  "But  I  assure  you,  sir,  it's  quite  lively;  I 
thought  it  would  jump  off  the  table."  On  going  up- 
stairs, I  found  the  animal  in  the  middle  of  the  room. 
Such  things  are  of  frequent  occurrence.  Dr  Inman,  of 
Liverpool,  writes  me  word  that  he  has  witnessed  it  on 
several  occasions.  He  completely  emptied  the  cranial 
cavity  of  a  frog,  yet  found  the  animal  quite  vivacious : 
"  There  is  no  lack  of  spontaneous  movement,  and  the 
reflex-actions  are  distinct  enough  in  the  eye,  eyelid, 
and  other  places.''  Indeed,  no  one  has  investigated 
this  subject  without  seeing  abundant  evidence  of  spon- 

*  Redi:  Obterv.  circa  Animal,  VivetU.,  p.  209. 
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taneous  movements  after  removal  of  the  brain.  These 
movements  are,  it  is  true,  less  evident  when  the 
Meddlla  Oblongata  has  also  been  removed  ;  but  that  is 
simply  because  Imig-respiration  depending  on  the  Me- 
dulla, and  vital  energy  on  respiration,  the  removal  of  the 
Medulla  is  too  serious  an  interference  with  the  relations 
of  the  organism  to  permit  more  than  feeble  evidences 
of  spontaneity.  Nevertheless,  when  the  spinal  chord  is 
divided,  the  direct  influence  of  the  Medulla  is  removed 
from  the  nervous  centres  behind  the  section,  but  its 
indirect  influence,  in  keeping  up  an  active  nutrition  of 
those  centres,  enables  the  parts  behind  the  section  to 
move  spontaneously.  A  Triton,  or  Lizard,  with  a 
divided  chord,  will  be  seen  to  move  its  tail  and  hind- 
legs  spontaneously ;  t.  e.,  without  any  external  stimulus 
being  applied. 

When  I  use  the  phrase  external  stimulus,  it  is  in 
the  sense  implied  by  Marshall  Hall  and  Mr  Grainger, 
meaning  some  irritation  from  the  contact  of  a  hard 
substance,  an  acid,  or  the  flame  of  a  taper.  But  as  a 
change  in  the  temperature  of  the  room,  a  current  of 
cold  air,  or  the  effect  of  exposure  on  the  wound,  may 
equally  well  range  under  the  category  of  external 
stimuli,  I  think  it  important  to  show  that  a  decapi- 
tated &og  will  move  spontaneously  when  there  is  no 
external  stimulus  possible.  The  frog  is  first  etherised ; 
and  then,  its  brain  having  been  carefully  removed,  the 
whole  of  its  skin  is  stripped  otL  The  efiect  of  the  skin- 
ning is  to  render  it  totally  insensible  to  any  external 
impressions  :  you  may  pinch,  prick,  tear,  bum  the  flesh. 
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or  cut  off  the  limbs  bit  by  bit,  without  prodnomg  the 
slightest  sign  of  sensation.  Tet  this  frog  will  hop 
spontaneously ;  and  if  you  draw  its  hind-legs  from 
under  it,  and  leave  them  outstretched,  it  will  draw 
them  up  again  in  a  few  minutes ;  thus  proving  that 
motions  may  take  place  in  a  brainless  animal  when  all 
external  impressions  are  rendered  powerlesa  More- 
over, I  found  that  a  triton,  divided  in  two,  had  spon- 
taneous movement  in  both  halves :  I  placed  the  tail- 
half  under  a  glass,  and  kept  the  air  within  moists  to 
prevent  evaporation  from  the  skin,  yet  even  here  this 
fitigment  of  an  animal  occasionally  moved. 

So  much  for  the  cardinal  fact  in  the  Reflez-Theoiy — 
a  £EU!t  which  is  to  prove  that  the  motions  of  a  decapi* 
tated  animal  are  excited,  but  not  feU.  I  conceive  that 
aU  actions,  in  all  animals,  are  excited,  and  all  are  felt : 
an  unexcited  motion  is  inconceivable ;  but  some  mo- 
tions are  excited  by  extemcd,  and  others  by  internal 
stimuli 

The  second  point  to  be  noticed  here,  illustrates 
Hall's  somewhat  loose  manner  of  conducting  experi- 
ments which  require  rigid  caution ;  and  the  equally 
loose  manner  in  which  he  drew  condusiona  "  I  di- 
vided,'' he  says,  ''  the  spinal  marrow  of  a  very  lively 
snake  between  the  second  and  third  vertebna  The 
movements  of  the  animal  were  immediately  before 
extremely  vigorous  and  unintermitted  From  the  mo- 
ment of  the  division  of  the  spinal  marrow,  it  lay  per- 
fectiy  tranquil  and  motionless,  with  the  exception  of 
occasional  gaspings  and  slight  movements  of  the  head. 
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It  became  quite  obyious  that  this  state  of  quiescence 
would  continue  indefinitely,  were  the  animal  secured 
&om  all  external  impressions."  So  far  from  this  being 
"obvious/'  it  is  directly  counter  to  fact  The  mere 
division  of  the  spinal  chord  gives  a  "  shock,"  which  for 
a  time  keeps  the  animal  motionless,  or  convulsive,  but 
never  prevents  subsequent  spontaneity  of  movement. 
But  let  us  continue  his  account :  ''  Being  now  stimu- 
lated, the  body  began  to  move  with  great  activity,  and 
continued  to  do  so  for  a  considerable  time,  each  change 
of  position  or  situation  bringing  some  fresh  part  of  the 
8ur£Eu;e  of  the  animal  into  contact  with  the  table  or 
other  objects^  and  renewing  the  application  of  the 
stimulus.  At  length  the  animal  became  again  quies- 
cent ;  and  being  carefully  protected  from  all  external 
impressions,  it  moved  no  more,  but  died  in  the  precise 
position  and  form  which  it  had  assumed." 

A  closer  reasoner  would  have  seen  that  the  snake's 
movements  —  if  originated  by  a  sensation  derived 
£rom  an  irritation  —  would  subside  with  the  sub- 
sidence of  the  sensation  ;  but  they  could  never  subside 
— ^while  vitality  remained — if  the  mere  excitation, 
caused  by  contact  of  the  table,  originated  each  move- 
ment ;  since  this  excitation  must  be  renewed  at  each 
movement  of  the  snake,  and  thus  one  movement  would 
necessarily  bring  on  the  next.  But  Marshall  Hall  set 
logic  at  defiance.  On  this  very  page  he  declares,  that 
when  a  decapitated  animal  has  relapsed  into  the  repose 
from  which  it  will  never  rouse  itself,  unless  stimulated 
externally,    **  the  slightest  touch  with  a  hard  sub- 
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stance,  the  slightest  stimtdus,  will  renew  the  moye- 
ments  ;  *'  and  he  thinks  that  these  movements  cannot 
depend  upon  sensation,  because  the  position  into  which 
the  animal  falls  may  be  one  which  would  be  attended 
with  extreme  pain  if  sensibility  remained — e.  g,  when  the 
animal  remains  suspended  over  the  acute  edges  of  the 
table.  Had  he  stopped  here,  one  might  have  attached 
some  weight  to  the  argument ;  but  he  proceeds — "  the 
infliction  of  punctures  and  the  application  of  a  lighted 
taper  did  not  prevent  the  animal,  still  possessed  (J)  of 
active  powers  of  motion,  from  passing  into  a  state  of 
complete  and  permanent  quiescenca*' 

As  the  ''observation"  is  one  on  which  Hall  lays  great 
stress,  the  reader  is  requested  to  notice  the  remarkable 
confusion  in  the  statement  First  we  are  told  that  the 
slightest  touch  with  a  hard  substance  suffices  to  renew 
the  movements  ;  and  then  we  are  told  that  the  proof  of 
these  movements  not  being  due  to  sensation,  is  that 
punctures  and  burnings  produced  no  such  renewal  of 
movements— as  if  punctures  were  effected  without 
''  the  slightest  touch  of  a  hard  substance  !  *'  The  trutJi 
of  the  case,  so  ill  observed  by  him,  is  this,  that  the 
snake,  when  thoroughly  exhausted,  did  not  move,  if 
punctured  or  burned  ;  but  before  that  exhaustion  had 
taken  place,  punctures  and  burnings  could  have  made 
it  writhe,  and  any  other  stimulus  would  have  made  it 
mova  On  the  whole,  we  cannot  but  agree  with  Arnold, 
when  he  says  that  Hall  one  moment  relies  on  the  fact 
that  decapitated  animals  move,  as  a  proof  that  move- 
ments may  take  place  without  sensation ;  and  the  next 
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moment  proves  the  absence  of  sensation  by  the  fact 
that  the  animals  do  not  move.* 

These  examples  will  sniBSce  to  show  how  little  Mar- 
shall Hall's  experiments  support  his  theory.  Let  us 
glance  at  another  example  which  is  adduced  in  favour 
of  the  theory :  "  Mr  Qrainger  found,"  says  Dr  Car- 
penter, "  that  he  could  remove  the  entire  hind-leg  of 
a  salamander  with  the  scissors  without  the  creature 
moving,  or  giving  any  expression  of  suffering,  if  the 
Spinal  Chord  had  been  first  divided ;  yet  that  by  irri- 
tation of  the  foot,  especially  by  heat,  in  an  animal 
similarly  circumstanced,  violent  convulsive  actions  were 
excited  in  the  legs  and  tail  This  fact  is  important, 
not  only  as  showing  the  comparatively  powerfal  effect 
of  impressions  on  the  cutaneous  surface,  but  also  as 
proving  how  little  relation  the  amount  of  reflex-action 
has  to  the  intensity  of  sensation."* 

On  this  we  must  remark  that  the  fact  is  altogether 
misstated,  owing  to  theoretic  preconceptions.  When 
Mr  Grainger  states  that  the  creature  did  not  move, 
or  give  any  expression  of  suffering,  he  means,  I  pre- 
sume, that  the  fore-part  of  the  creature  remained 
quiet ;  which  is  no  more  than  would  be  expected,  since 
the  division  of  the  spinal  chord  had  divided  the  crea- 
ture into  two  distinct  parts — as  regards  sensibility. 
The  fore-part  was  quiet,  because  the  fore-part  was  not 
touched.  But  I  venture  to  say,  the  hind-part  was  not 
quiet;  that  always  writhes  when  the  leg  is  cut  off 
And  although  the  leg  may  be  cut  off  from  this  hind- 

*  Arnold  :  DU  Lehre  von  dtr  Rffiex  Function,  p.  54. 
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part  witliont  producing  any  considerable  writhings, 
such  as  are  produced  by  heat  or  other  irritation,  yet 
this  by  no  means  warrants  the  condnsion  drawn  by 
Dr  Carpenter ;  and  for  these  reasons  :  the  sensibility 
of  a  Salamander  to  external  stimuli  is  almost  ex- 
clusively cutaneous ;  stripped  of  its  skin,  iw  amount 
of  cutting,  or  pricking,  produces  the  slightest  sen- 
sation: when  therefore  the  leg  is  cut  off^  if  the 
scissors  be  very  sharp,  and  the  movement  rapid,  the 
animal  scarcely  responds  to  the  stimulus ;  but  if  the 
scissors  be  not  very  sharp,  and  the  cut  be  made  slowly, 
the  animal — or  a  segment  of  the  animal — ^writhes  ener> 
getically.  An  irritation  of  the  skin,  by  heat  or  other 
stimulus,  will,  of  course,  produce  greater  writhings 
than  cutting  off  a  leg :  but  this  will  be  the  case  with 
the  miinjured  animal,  no  less  than  with  the  animal 
whose  chord  has  been  divided.  Thus  we  see  that  the 
fiuit  in  no  way  supports  the  hypothesis  of  reflex-actions 
being  produced  without  sensatioa 

Indeed,  I  know  of  no  facts  whatever  which  justify 
the  hypothesis,  but  abundant  facts  irreconcilable  with 
it  These  latter  facts  we  shall  have  to  consider  pre- 
sently, in  treating  of  the  sensational  function  of  the 
spinal  chord.  If  we  are  to  limit  sensation  to  the  brain, 
it  is  obvious  that  actions  which  take  place  without  a 
brain,  must  be  actions  without  sensation.  But  this 
is  the  point  which  has  to  be  proved,  not  assumed ; 
and  it  cannot  be  proved  by  such  facts  or  arguments  as 
have  hitherto  been  advanced.  Actions  may  be  deter- 
mined by  cerebral,  or  by  spinal,  sensibility ;  to  deny 
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sensibUity  to  the  spinal  chord,  because  its  sensations 
may  in  many  respects  be  unlike  those  of  the  brain,  is 
as  imphilosophical  as  to  deny  sensibility  to  the  cere- 
brum, because  its  sensations  are  unlike  those  of  the 
optic  or  auditory  centres :  and  this  has  actually  been 
maintainecL  Various  writers  have  denied  consciousness 
to  the  cerebral  hemispheres.  Nor,  until  we  adopt  lan- 
guage haying  scientific  precision,  is  there  any  ground 
for  objecting  to  such  a  conclusion ;  since  it  is  perfectly 
clear  that  the  same  principle  of  reflex-action  takes 
place  in  the  cerebrum,  as  that  which  we  have  noted  in 
the  spinal  chord. 

lY.  Beflex-action  m  the  Brain. — It  was  sus- 
pected by  Prochaska^  and  has  since  become  quite  ascer- 
tained, that  reflex-actions  would  take  place  from  the 
Sympathetic  Qanglia,  without  the  participation  of  the 
Spinal  Chord.  The  proof  is  simple.  The  whole  spinal 
chord  and  brain  may  be  destroyed,  yet  the  heart  will 
continue  to  beat,  and  the  intestines  to  mova 

But  a  more  important  step  was  to  be  taken :  the 
Brain  was  to  be  included  among  reflex  centres,  and 
some  at  least  of  its  actions  reduced  under  the  general 
law  of  reflexion.  This  step  was  taken  by  Dr  Laycock 
in  1840.  In  a  striking  paper*  read  by  him  at  the 
British  Association  iu  1844,  he  brought  together  the 
evidence  on  which  his  view  was  founded.  The  idea 
has  been  adopted  and  illustrated  in  the  writings  of  Dr 
Carpenter,  who  now  calls  the  action  "  unconscious  cere- 

*  Printed  in  the  Britiah  and  Foreign  MedietU  lUvUw,  Jan.  1845. 
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bratioiL"  If  the  modem-reflex  theoiy  be  adopted,  this 
extension  of  it  to  the  brain  is  inevitabla  But  it  seems 
to  me  that  unconscious  cerebration  is  nothing  more 
than  this :  we  can  have  a  sensation  without  thinking 
of  that  sensation ;  and  in  like  manner  we  can  think 
without  thinking  that  we  think — ^a  train  of  ideas  may 
go  on  without  exciting  a  particular  direction  of  the 
consciousness. 

"I  was  led  to  this  opinion/'  Dr  Laycock  says  in 
announcing  his  view,  '*  by  the  general  principle  that 
the  ganglia  within  the  cranium  being  a  continuation  of 
the  spinal  chord,  must  necessarily  be  regulated  as  to 
their  reaction  on  external  agencies  by  laws  identical 
with  those  governing  the  spinal  ganglia  and  their 
analogues  in  the  lower  animals."  I^  therefore,  the 
spinal  chord  is  a  centre  of  reflexion,  the  brain  must 
also  be  ona  It  is  a  matter  of  regret  that  Dr  Laycock 
did  not  extend  this  principle,  and  declare  that  what- 
ever was  true  of  the  properties  of  the  cranial  centres^ 
must  also  be  true  of  the  spinal  centres  ;  if  the  brain 
have  Sensibility,  the  spinal  chord  must  also  have  it. 

Dr  Laycock  refers  to  the  curious  phenomena  of 
Hydrophobia  in  proof  that  reflex  -  actions  may  be 
excited  by  the  optic  nerves,  or  by  a  mere  idea  of 
water.  When  a  mirror  was  presented  to  a  patient, 
the  reflection  of  the  light  acting  on  his  retina,  in  the 
manner  of  a  reflection  from  the  surface  of  water,  pro- 
duced a  convulsive  sobbing,  as  in  the  attempt  to  swal- 
low water,  and  the  patient  turned  aside  his  head  with 
expressions  of  terror.    Money  was  given  him  to  induce 
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bim  to  look  a  second  time,  but  before  he  had  looked  in 
it  a  minute,  the  same  effect  was  produced. 

The  idea  of  water  excited  similar  convulsions.  No 
sooner  was  it  suggested  that  the  patient  should  swal-  * 
low  a  little  water  than  he  seemed  frightened,  and 
began  to  cry  out.  By  kindly  encouragements,  he  was 
brought  to  express  his  willingness  to  drink,  but  the  . 
samid  of  the  water,  as  it  was  poured  out  again,  brought 
on  convulsions.  In  another  case,  "  on  our  proposing 
to  him  to  drink,  he  started  up,  and  recovered  his 
breath  by  a  deep  convulsive  inspiration.  On  being 
urged  to  try,  he  took  a  cup  of  water  in  one  hand,  and 
a  spoon  in  the  other.  With  an  expression  of  terror, 
yet  with  great  resolution,  he  filled  the  spoon,  and  pro^ 
ceeded  to  cany  it  to  his  lips ;  but  before  it  reached  his 
mouth,  his  courage  forsook  him,  and  he  was  forced  to 
desist.  He  repeatedly  renewed  the  attempt,  but  with 
no  more  success.  His  arm  became  rigid  and  immov- 
able whenever  he  tried  to  raise  it  to  his  mouth,  and 
he  struggled  in  vain  against  this  spasmodic  resistance." 

The  facts  of  reflex  cerebral  action  are  important 
illustrations  of  the  law  of  nervous  phenomena,  but  they 
do  not  in  any  way  establish  the  peculiar  assumption 
of  the  Eeflex-Theory,  which  is,  that  actions  can  take 
place  without  the  excitations  of  Sensibility. 

Dr  Carpenter,  adopting  the  opinions  of  Marshall  Hall 
and  Dr  Laycock,  thus  classifies  all  reflex-actions :  1. 
Those  determined  by  the  Spinal  Chord;  they  ai*e 
"  excito-motor.''  2.  Those  determined  by  the  Sensory 
Qanglia ;  they  are  "  sensori-motor."     3.  Those  deter- 

VOL.  II.  p 
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mined  by  the  Cerebram ;  they  are  "  ideo-motor/'    In 
all  these  consciousness  is  said  to  be  absent. 

Here  we  mnst  once  again  call  attention  to  the 
'  ambiguity  of  ordinary  language.  Consciousness  is  a 
word  which,  although  used  as  equivalent  to  sensation, 
is  often,  and  more  frequently,  used  as  equivalent  to 
thought.  To  have  a  sensation,  and  to  be  conscious, 
are  held  as  convertible  terms :  there  can  be  no  sensa- 
tion without  consciousness.  But  there  is  frequent  use 
of  phrases  implying  that  sensations  may  exist  without 
consciousness,  as  when  we  say,  ''I  heard  the  dock 
strike,  but  was  unconscious  of  it ;  I  wound  up  my 
watch,  but  did  so  xmconsdously."  This  is  the  meaning 
which  Dr  Carpenter  seems  to  attach  to  the  word ;  and 
with  that  meaning,  there  is  no  impropriety  in  his 
speaking  of  ''  unconscious  cerebration,"  which  some 
have  ridiculed,  as  if  it  were  tantamount  to  "  unthink- 
ing thinking."  There  is  no  doubt  that  we  go  through 
many  mental  processes  without  any  of  that  reflex-feel- 
ing which  is  characterised  by  the  phrase  "  being  con- 
scious." The  train  of  ideas  may  never  diverge  from 
the  direct  path :  a  problem  may  be  solved,  and  the 
mind  will  be  so  intent  on  the  solution  as  to  be  wholly 
''imaware"  of  anything  else.  During  reverie  we  aie 
not  only  "  unconscious'*  of  the  presence  of  external 
objects,  but  of  our  own  state.  The  intellectual  me- 
chanism acts  without  interruption  from  sensation. 
When  the  word  consciousness  is  restricted  thus,  we 
may  properly  say  that  there  can  be  unconscious  think- 
ing, and  unconscious  sensation.    It  is  only  saying  that 
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some  centres  of  our  complex  oi^anism  may  act,  with- 
out at  the  same  time  calling  some  other  centres  into 
play. 

The  perplexing  ambignities  which  necessarily  arise 
when  different  writers  use  the  words  sensation  and 
consciousness,  without  rigorously  defining  their  terms, 
I  have  endeavoured  to  avoid,  by  imiformly  employing 
the  word  Sensibility  as  a  general  term  indicating  the 
property  of  all  nerve*centres ;  and  the  word  Sensation 
as  a  general  term  indudiQg  every  reaction  of  Sensi- 
bility to  a  stimulus,  external  or  internal  By  so  doing, 
all  nervous  phenomena  are  brought  under  the  same 
law ;  as  all  muscular  phenomena  are  brought  together 
when  Contractility  is  assigned  to  muscular  fibre,  and 
Contraction  to  the  activity  of  that  property.  A  muscle 
may  be  flexor,  or  extensor,  or  sphincter ;  its  function 
may  be  to  serve  expression,  respiration,  locomotion, 
voluntary  or  involuntary  movements ;  but  in  all  cases 
the  actions  depend  on  Contractility.  The  muscular 
mechanism,  like  the  nervous  mechanism,  is  so  related 
in  its  parts,  that  some  of  them  cannot  be  called  into 
action  without  also  playing  upon  others ;  but  there  are 
parts  which  can  act  with  a  certain  independence.  The 
arm  may  be  moved  without  any  alteration  of  the 
muscles  of  expression,  yet  it  cannot  be  moved  without 
affecting  the  muscles  of  respiration.  But  whether  the 
parts  act  separately,  or  in  combination,  the  necessary 
condition  of  all  muscular  action  is  Contractility.  In 
like  manner,  whether  the  various  nerve-centres  act 
separately  or  in  combination,  the  necessary  condition 
of  all  ganglionic  action  is  Sensibility. 
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I  have  thought  it  desirable,  on  many  gronnds,  to 
make  Consciousness  an  equivalent  term  for  Sensibility, 
and  have  grouped  the  various  forms  of  Sensibility 
under  the  heads  of  Thought-consciousness,  Sense-con- 
sciousness, and  Systemic-consciousness.  But  this  is  a 
point  which  may  be  left  to  the  pleasure  of  the  reader. 
The  thesis  maintained  in  these  pages  does  not  require 
assent  to  such  a  classification;  but  it  asserts,  as  a 
scientific  proposition,  that  SensibOity  is  the  property 
of  all  nerve-centres ;  and  that  no  action  can  possibly 
take  place  in  the  organism  which  has  not  a  sensation, 
of  some  kind,  as  a  basia  The  Beflex-Theoiy,  which 
considers  the  organism  as  a  mechanism,  errs  in  suppos- 
ing that  this  mechanism  can  dispense  with  Sensibility. 
I  also  hold  that  the  organism  is  a  mechanism — ^but 
a  vital  and  sensitive  mechanism.  It  was  no  discovery 
of  Marshall  Hall's  that  many  actions  could  take  place, 
and  did  take  place,  without  our  being  "  conscious'*  of 
them — meaning  thereby,  without  our  aMending  to,  or 
thinking  o{  tliem.  Every  one  knew  that  His  discovery 
purported  to  be,  that  whereas  eome  actions  have  a  sen- 
sational origin,  and  can  only  be  performed  in  virtue 
of  a  sensitive  mechanism ;  there  are  other  actions 
which  have  no  such  origin,  but  which,  like  the  actions 
of  a  steam-engine,  depend  on  the  reflexion  of  impres- 
sions into  motions,  one  cogged  wheel  moving  another. 
In  this  he  made  the  immense  mistake  of  forgetting 
that  in  the  vital  mechanism  each  cog  is  a  sensation. 
Unless  his  purely  mechanical  view  be  adopted,  the 
Beflex-Theory  is  merely  a  new  name  ;  and  the  reader 
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has  already  seen  how  little  evidence  there  is  in  favour 
of  such  a  view,  how  much  against  it  The  evidence 
against  it  will  become  more  and  more  coercive  as 
we  proceed.  But  it  is  necessary  for  a  right  understand- 
ing of  the  claims  of  the  Spinal  Chord  to  the  title  of 
a  sensational  and  voUtioiial  centre,  that  we  should 
examine  with  some  attention  what  constitutes — in 
a  physiological  sense — a  volition. 

V.    VOLUNTAEY  AND    InVOLUNTAEY   ACTIONS. — It 

seems  an  easy  thing  to  distinguish  a  voluntary  from  an 
involuntary  action ;  and  yet  this  seemingly  easy  thing 
sorely  perplexes  the  cunning  of  philosophy.  It  seems 
also  an  easy  thing  to  distinguish  between  an  animal 
and  a  plant ;  yet  when  we  come  to  seek  for  the  one 
distinctive  characteristic  which'  marks  the  animal 
world,  and  separates  it  decisively  from  the  vegetable 
world,  we  are  sorely  puzzled.  There  is  no  difficulty  in 
saying  that  a  cow  is  an  animal,  and  a  cabbage  is  a 
plant :  but  when  we  descend  to  the  simpler  forms  of 
animal  life,  we  find  them  so  nearly  aUied  to  plants 
that  our  classification  is  troubled.  Still  greater  is  our 
perplexity  when  the  simpler  actions  are  presented  for 
analysis;  positive  as  we  may  be  that  some  actions 
have  a  volitional  element,  we  are  at  a  loss  to  mark  out 
what  that  element  is. 

In  popular  language,  those  actions  are  called  volun- 
tary over  which  we  can  exercise  control,  either  in  the 
way  of  restraining,  or  of  prompting  them.  I  can  move 
my  arm,  or  keep  it  motionless,  if  I  will  to  do  so.    But 
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there  are  other  actions  which  are  beyond  control ;  no 
effort  of  Will  suffices  to  prompt,  or  to  restrain  them. 
iThe  heart  beats  without  my  control  The  eyelid  winks, 
the  wounded  muscle  quivers,  the  stomach  digests, 
involuntarily.  I  can  control  the  movement  of  my 
arm,  unless  a  sharp  pain  forces  me  to  withdraw  it ; 
and  when  I  withdraw  it  under  sudden  pain,  the  action 
is  said  to  be  involuntaiy. 

This  is  a  rough  classification,  which  suffices  for  our 
daily  needs.  We  want  a  term  to  mark  a  certain  group, 
and  the  term  voluntary  satisfies  that  want  But  the 
severer  exigencies  of  Science  are  not  satisfied  so  easily. 
A  rigorous  examination  shows  that  in  most,  if  not 
in  all,  the  so-called  involuntaiy  actions  (as  we  shall  see 
presently)  this  very  volitional  element  of  control  may 
find  a  place.  Although  breathing  is  an  involuntary 
act,  it  can  be,  and  often  is,  restrained  or  accelerated  by 
the  will ;  but  the  controlling  power  soon  comes  to  an 
end — we  cannot  voluntarily  suspend  our  breathing  for 
many  seconds ;  the  uigency  of  the  sensation  at  last 
bears  down  the  control.  In  like  manner,  we  can  par^ 
tially,  but  not  wholly,  restrain  the  shrinking  and 
trembling  which  accompany  pain  and  terror.  It  has 
been  said  that  these  partial  influences  of  control  are 
due  to  the  fact  that  the  apparatus  involves  some  of  the 
voluntary  muscles,  and  these  are,  of  course,  under  the 
control  of  the  will ;  but  that  inasmuch  as  the  appara- 
tus is  not  wholly  constituted  by  voluntary  muscles,  it 
is  not  wholly  imder  control.  Yet  this  is  only  a  re- 
statement of  the  fact  in  different  terma    The  muscles 
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are  styled  voluntary,  because  they  are  under  control 
Neyertheless,  it  is  easy  to  prove  that  an  apparatus 
of  purely  voluntary  muscles  -will  furnish  an  involuntary 
act — ^an  act  quite  beyond  all  influence  of  the  Will 
The  act  of  wiiJdiig  is  an  example.  It  is  performed  by 
voluntary  musdes,  and  may  be  a  purely  voluntary 
a^A-as  when  we  wish  telegraphicaUy  to  wam  one  of 
our  hearers  that  we  are  jesting,  Yet  this  act,  which  is 
as  purely  voluntary  as  any  we  perform,  is  habitually 
an  involuntary  act ;  the  contact  of  the  air  with  the  eye 
causes  a  loss  of  temperature  by  evaporation,  and  the 
sensation  caused  by  this  dryness  urgently  insisting  on 
being  remedied,  we  wink.  Not  only  is  winking  one  of 
the  typical  examples  of  involuntary  action,  but  we 
find  that  it  occurs  in  spite  of  the  most  obstinate  effort 
to  restrain  it :  no  resolution  on  our  part  not  to  wink 
will  prevent  our  winking,  after  a  certain  time,  or  if 
a  hand  be  passed  rapidly  before  the  eye. 

This  example  shows  that  the  partial  control  which 
the  will  exercises  over  what  are  called  involuntary 
acts,  does  not  depend  on  the  nature  of  the  muscles  in- 
volved. The  same  action  which  is  voluntary  at  one 
moment  will  be  involuntary  at  another,  according  to 
the  urgency,  or  intensity,  of  the  stimulus.  We  laugh 
because  we  are  tickled,  or  because  some  ludicrous 
image  presents  itself:  both  of  these  are  involuntary 
actions,  although  both  are  capable,  within  certain 
limits,  of  control ;  but  we  may  also  laugh  because  we 
pretend  to  be  tickled  at  the  great  man's  joke — secretly 
felt  to  be  a  very  feeble  effort  of  humour.    We  cough 
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because  there  is  a  tickling  in  the  throat ;  and  "we  also 
cough  because  we  desire  to  drown  the  too  buoyant 
platitudes  of  a  remorseless  orator.  We  yawn  because 
we  are  weary,  and  we  yawn  because  we  determine  to 
set  others  yawning.  It  seems  clear,  therefore,  that  the 
volitional  element  we  are  in  search  of,  cannot  lie 
in  the  act  itself,  but  in  something  which  precedes 
or  accompanies  the  act.  According  to  the  popular 
opinion,  an  act  is  called  voluntary  if  the  mind  has  de- 
termined it  by  a  conscious  conception  of  the  object  to 
be  attained ;  and  if  we  were  to  say  that  volition  is  an 
action  determined  by  a  distinct  idea,  we  should  express 
the  current  opinion  pretty  accurately.  Is  that  opinion 
tenable  ? 

It  is  not  tenable,  because  on  the  one  hand  actions 
may  be  determined  by  distinct  ideas,  and  yet  be  "  in- 
voluntary ;"  and  because  on  the  other  hand  actions  may 
be  voluntaiy,  yet  not  determined  by  distinct  ideas,  but 
determined  simply  by  sensations.  Let  a  fiiend  pass  a 
finger  rapidly  before  your  eye,  and  although  he  has  sol- 
emnly assured  you  that  he  will  not  touch  you,  and  7011 
have  profound  confidence  in  his  word,  yet  no  effort  of 
Will  prevents  your  winking.  It  is  in  vain  you  resolve 
to  be  firm — the  eyelid  drops  as  the  finger  approachea 
This  winking  is,  according  to  ordinary  conceptions,  an 
involuntary  act,  since  it  is  performed  in  spite  of  the 
wUl ;  yet  it  is  an  act  determined  by  an  idea,  the  idea 
of  datiger;  and  the  proof  of  this  is  seen  when  you 
approach  a  finger  to  the  eye  of  an  animal,  or  in&nt,  in 
whom  no  such  idea  of  danger  is  excited :  it  does  not 
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wink.  Nor  do  you  wink  when  you  approach  your  own 
finger  to  your  eye,  because  then  the  idea  of  danger  is 
absent.  We  have  here  an  action  eminently  control- 
lable, and  obviously  determined  by  an  ideal  stimtdus, 
having  therefore  the  two  cardinal  characters  of  a  vol- 
untary act,  yet  being  unmistakably  involuntary.  To 
reconcile  such  a  contradiction  we  must  suppose  that 
the  Will  oscillated  —  one  instant  it  resolved  that 
winking  should  not  take  place,  and  the  next  instant 
resolved  that  it  should.  This  explanation  would,  how- 
ever, force  the  admission  that  the  act  of  winking  was 
not  involuntary ;  after  which,  it  would  be  puzzling  to 
SELjwhat  acts  are  involuntary.  If  the  will  can  thus 
oscillate,  and  thus  rescind  its  orders,  why  may  it  not 
in  all  the  assumed  cases  of  involuntary  action  be  in  a 
state  of  oscillation  ? 

What  is  the  process  of  control  ?  £very  action  is  a 
response  to  a  sensitive  stimulus.  Muscles  are  moved 
by  motor-nerves  which  issue  from  nerve-centres ;  these 
nerve^ntres  are  excited  by  impressions  carried  there, 
either  by  sensory  nerves  going  from  a  sensitive  sur- 
face, or  by  impressions  communicated  from  some  other 
centre.  A  stimulus  applied  to  the  skin  excites  a  sen- 
eatton,  which  being  reflected  on  a  muscle  excites  a 
contraction.  But*  instead  of  the  sensation  exciting  a 
muscle,  it  may  be  reflected  on  some  nerve-centre,  and 
excite  a  reflex-feeling.  This  secondary,  or  reflex-sen- 
sation, may  either  play  upon  a  muscle,  or  upon  some 
other  centre,  and  this  will  excite  an  action.  Thus  it 
is  that  the  same  external  stimulus  may  issue  in  very 
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different  actions.    We  decapitate  a  frog,  and  half  an 
hour  after  prick  or  pinch  its  leg :  the  &og  hops,  or 
suddenly  draws  up  its  leg."  We  now  prick,  or  pinch, 
an  uninjured  frog  in  the  same  way,  and  we  mostly 
(not  always)  observe  that  its  leg  is  motionless ;  it  does 
not  hop  away,  it  only  lowers  its  head,  and  perhaps 
closes  its  eyes ;  a  second  pinch  makes  it  hop  away.     In 
the  decapitated  frog,  the  action  was  reflex ;  the  stimu- 
lus transmitted  from  the  skin  to  the  spinal  chord  was 
directly  answered  by  a  contraction  of  the  leg.    In  the 
uninjured  frog,  the  stimulus  was  also  transmitted  to 
the  Spinal  Chord  ;  but  from  thence  it  ran  upwards  to 
the  brain,  exciting  a  reflex-feeling  of  alarm  ;  but  thotigh 
alarmed,  the  animal  was  not  forced  into  any  definite 
course  of  action  to  secure  escape  ;  and  while  thus  hesi- 
tating, a  second  prick  came,  and  the  urgency  of  the 
sensation  then  caused  it  to  hop  away.     This  hopping 
was  reflex,  but  it  was  indirectly  so :  it  was  prompted 
by  the  reflex-feeling,  which  in  turn  had  been  excited 
by  the  original  sensation.     In  like  manner,  if  a  dog's 
tail  be  pinched  by  a  stranger,  the  dog  cries  out,  and 
turns  suddenly  round  to  bite  his  tormentor.    If  the 
tormentor  happen  to  be  the  dog's  master,  or  friend,  the 
dog  will  cry  out,  start  away,  or  perhaps  even  turn 
round  to  bite — but  he  will  not  bite  ;  should  he  get  so 
far  as  to  seize  the  hand  with  his  teeth,  he  checks  him* 
self  in  time.    This  control  is  often  touchingly  seen  in 
removing  a  thorn  from  a  dog*s  foot :  the  pain  causes  a 
reflex-action,  which  brings  the  dog's  head  down  upon 
the  operator's  hand ;  but  instead  of  biting,  the  grateful 
animal  licks  that  hand. 
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These  are  cases  of  control  They  are  possible  only 
because  reflex-feelings  are  excited  ;  one  sensation  being 
rapidly  followed  by  another,  so  that  before  one  action, 
directly  reflex,  can  occur,  another  action  is  set  going, 
which  interferes  with  it,  controls  it  An  examination 
of  the  Nervous  System  discloses  a  number  of  centres, 
all  capable  of  independent  action,  yet  all  connected 
with  each  other,  and  thus  brought  into  some  depend- 
ence on  each  other  ;  it  is  through  this  dependence  that 
control  becomes  possibla  A  sensation,  instead  of  issu* 
ing  in  the  action  which  usually  follows  it,  sometimes 
issues  in  another  sensation ;  this  in  turn  may  issue  in  a 
third  sensation,  instead  of  in  an  action  ;  just  as,  when 
a  row  of  billiard-balls  is  struck,  the  impetus  is  trans- 
mitted from  one  ball  to  the  other,  the  last  in  the  row 
flying  off,  and  all  the  others  remaining  in  their  original 
position.  At  some  point  or  other,  could  we  follow  its 
course,  we  should  observe  that  the  original  sensation 
issued  in  an  action,  although,  because  the  final  stimu- 
lus to  this  said  action  is  a  TeAejL'feeling,  the  action  it- 
self is  very  unlike  what  it  would  have  been  if  directty 
reflex.  Tickle  the  face  of  a  sleeping  man,  and  by  a 
reflex-action  his  hand  is  raised  to  rub  the  spot ;  tickle 
the  face  of  that  man  when  awake,  and  instead  of  this 
reflex-action,  there  will  be  one  of  vocal  remonstrance, 
or  perhaps  one  guidmg  a  pillow  in  its  descent  upon 
your  head. 

Inasmuch  as  all  actions  whatever  are  the  products 
of  stimulated  nerve-centres,  it  is  obvious  that  all  actions 
are  reflex — reflected  from  those  centres.    It  matters 
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not  whether  I  urink  because  a  sensation  of  dryness,  or 
because  an  idea  of  danger,  causes  the  eyelid  to  dose : 
the  act  is  equally  reflex.  The  nerve-centre  which 
supplies  the  eyelid  with  its  nerve  has  been  stimulated ; 
the  stimuli  may  be  various,  the  act  is  uniform.  At  one 
time  the  stimulus  is  a  sensation  of  dryness,  at  another 
an  idea  of  danger,  at  another  the  idea  of  communicat- 
ing by  means  of  a  wink  with  some  one  present ;  in 
each  case  the  stimulus  is  reflected  in  a  muscular  con- 
traction. Sensations  excite  other  sensations;  ideas 
excite  other  ideas  ;  and  one  of  these  ideas  may  issue  in 
an  action  of  control.  But  the  restraining  power  is 
limited,  and  cannot  resist  a  certain  degree  of  urgency 
in  the  original  stimulus.  I  can,  for  a  time,  restrain 
the  act  of  winking,  in  spite  of  the  sensation  of  diyness ; 
but  the  reflex-feeling  which  sets  going  this  restraining 
action' will  only  last  a  few  seconds  ;  after  which  the 
urgency  of  the  external  stimulus  is  stronger  than  that 
of  the  reflex-feeling — the  sensation  of  dryness  is  more 
imperious  than  the  idea  of  resistance — and  the  eyelid 
drops. 

If  a  knife  be  brought  near  the  arm  of  a  man  who 
has  little  confidence  in  the  friendly  intentions  of  him 
that  holds  it,  he  will  shrink,  and  the  shrinking  will  be 
"involuntary" — ^in  spite  of  his  wilL  Let  him  have 
confidence,  and  he  will  not  shrink,  even  when  the  knife 
touches  his  skin.  The  idea  of  danger  is  not  excited  in 
the  second  case,  or  if  excited,  is  at  once  banished  by 
another  idea.  Yet  this  veiy  man,  who  can  thus  repress 
the  involuntaiy  shrinking  when  the  knife  approaches 
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his  arm,  cannot  repress  the  involuntary  winking  when 
the  same  friend  approaches  a  finger  to  his  eye.  In 
vain  he  prepares  himself  to  resist  that  reflex-action  ;  in 
vain  he  resolves  to  resist  the  impulse ;  no  sooner  does 
the  finger  approach,  than  down  flashes  the  eyelid 
Many  men,  and  most  women,  would  be  equally  unable 
to  resist  shrinking  on  the  approach  of  a  knife :  the 
association  of  the  idea  of  danger  with  the  knife,  would 
bear  down  any  previous  resolution  not  to  shrink  It  is 
from  this  cause  that  timorous  women  tremble  at  the 
approach  of  firearms.  An  association  is  established  in 
their  minds  which  no  idea  is  powerful  enough  to 
loosen.  You  may  assure  them  the  gun  is  not  loaded  ; 
"  that  makes  very  little  difference,"  said  a  nawe  old 
lady  to  a  friend  of  ours.  They  tremble,  as  the  child 
trembles  when  he  sees  you  put  on  the  mask.  These 
illustrations  show  that  the  urgency  of  any  one  idea 
may,  like  the  urgency  of  a  sensation,  bear  down  the 
resistance  offered  by  some  other  idea ;  as  the  previous 
Olustrations  showed  that  an  idea  could  restrain  or  con- 
trol the  action  which  a  sensation  or  idea  would  other- 
wise have  produced.  According  to  the  doctrines  cur- 
rent, the  Will  is  said  to  be  operative  when  an  idea 
determines  an  action  ;  and  yet  all  would  agree  that  the 
winking  which  was  involuntary  when  the  idea  of  dan- 
ger determined  it,  was  voluntary  when  the  idea  of 
communicating  with  an  accomplice  in  some  mystifica- 
tion determined  it. 

The  reader  will  have  gathered  already  that  we  admit 
no  real  and  essential  distinction  between  voluntary  and 
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inyolimtary  actions.  They  are  all  yoluntaiy.  They 
all  spring  firom  Conscionsness.  Th^  are  all  determined 
by  feeling.  It  is  oonvenient,  for  common  purposes,  to 
designate  some  actions  as  volmitaiy ;  but  this  is  merely 
a  convenience ;  no  pqrchological^  nor  physiological, 
insight  is  gained  by  it ;  an  analysis  of  the  process  dis^ 
closes  no  element  in  a  voluntary  action  which  is  not  to 
be  found  in  an  involuntary  action.  In  ordinary  lan- 
guage it  is  convenient  to  mark  a  distinction  between 
my  raising  my  arm  because  I  will  to  raise  it  for  sonie 
definite  purpose,  and  my  raising  it  because  a  bee 
has  stung  me ;  it  is  convenient  to  say,  "  I  will  to 
write  this  letter,"  and  '*  this  letter  is  written  against 
my  will — I  have  no  will  in  the  matter."  But  Science 
is  more  exacting  when  it  aims  at  being  exact ;  and  the 
philosopher,  analysing  these  complex  actions,  will  find 
no  element  answering  to  the  "  wiU,*'  in  one,  which  is 
absent  from  the  other :  he  will  find  this  only,  that  in 
each  case  certain  muscular  groups  have  been  set  in 
action  by  certain  sensational  or  ideational  stimuli 

It  is  a  very  general  mistake  to  suppose  that  every 
act  of  volition  implies  a  distinct  idea  of  its  object 
Unless  such  an  intellectual  element  be  present,  guiding 
the  movement,  the  voluntary  character  is  said  to  be  want- 
ing. But  it  is  well  said  by  Miiller,  that  **  the  ultimate 
source  of  voluntary  motion  cannot  depend  on  any  con- 
scious conception  of  its  object ;  for  voluntary  motions 
are  performed  by  the  foetus  before  any  object  can  occur 
to  the  mind — ^before  any  idea  can  possibly  be  conceived 
of  what  the  voluntary  motion  effects.     .     .     .     The 


THE  LINK   OF  FEELINO.  207 

foetus  moves  its  limbs  at  first,  not  for  the  attamment 
of  any  object,  but  solely  because  it  can  move  them. 
Since,  however,  on  this  supposition,  there  can  be  no 
particular  reason  for  the  movement  of  any  one  part, 
and  the  foetus  would  have  equal  cause  to  move  all  its 
muscles  at  the  same  time,  there  must  be  something 
which  determines  this,  or  that,  voluntary  motion  to  be 
performed  The  knowledge  of  the  changes  of  position 
which  are  produced  by  given  movements,  is  gained 
gradually,  and  only  by  means  of  the  movements  them- 
selves. .  .  .  The  voluntary  excitation  of  the  ori- 
gins of  the  nervous  fibres,  without  objects  in  view, 
gives  rise  to  motions,  changes  of  posture,  and  conse- 
quent sensations.  Thus  a  connection  is  established  in 
the  yet  void  mind  between  certain  sensations  ami  cer- 
tain Tnotions.  When  subsequently  a  sensation  is  ex- 
cited from  without,  in  any  one  part  of  the  body,  the 
mind  will  be  abeady  aware  that  the  voluntary  motion, 
which  is  in  consequence  executed,  will  manifest  itself 
in  the  limb  which  was  the  seat  of  sensation ;  the 
foetus  in  tUero  will  move  the  limb  that  is  pressed  upon, 
and  not  all  the  limbs  simultaneously.  The  voluntary 
movements  of  animals  must  be  developed  in  the  same 
manner.  The  bird  which  begins  to  sing  is  necessitated 
by  an  instinct  to  incite  the  nerves  of  its  laryngeal 
muscles  to  action  ;  tones  are  thus  produced.  By  the 
repetition  of  this  blind  exertion  of  volition,  the  bird  at 
length  learns  to  connect  the  kind  of  cause  with  the 
character  of  the  efiect  produced.  The  instinct  of  this 
dream-like  and  involuntary-acting  impulse  in  the  sen- 
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sorium  Iiai3  some  share  in  the  production  of  certain 
movements  in  the  human  infant,  which  aie  in  them- 
selves voluntary.  In  the  sensorium  of  the  newly-born 
child  there  is  a  necessitating  impulse  to  the  motions  of 
sucking ;  but  the  different  parts  of  the  act  of  sucking 
are  themselves  voluntary  movements."* 

In  this  passage,  Miiller  calls  certain  actions  volun- 
tary which  writers  usually  consider  to  be  reflex  (in- 
voluntary), and  reflex-actions  with  them  mean  actions 
without  sensation  ;  but  as  Mr  Bain  remarks, ''  It  may 
be  by  a  reflex-action  that  a  child  commences  to  suck 
when  the  nipple  is  put  between  its  lips ;  but  the  con- 
tinuing to  suck  so  long  as  the  sensation  of  hunger  is 
felt,  and  the  ceasing  when  that  sensation  ceases,  are 
truly  volitional  acts.  All  through  animal  Ufe,  down 
to  the  very  lowest  sentient  being,  this  property  of  con- 
sciousness is  exhibited,  and  operates  as  the  instrument 
for  guiding  and  supporting  existence.  To  whatever 
lengths  the  purely  reflex  instincts,  or  the  movements 
divorced  from  consciousness,  may  be  carried  on  in  the 
inferior  tribes,  I  can  with  difficulty  admit  the  total  ab- 
sence of  feeling  in  any  being  we  are  accustomed  to  call 
an  animal ;  and  with  this  feeling  I  am  obliged  also  to 
include  this  property,  which  links  the  state  of  feding 
with  the  state  of  present  movement!*  i  It  is  this  link 
of  feeling  with  action,  which,  according  to  Muller,.con- 
stitutes  Volition- 

This  idea  of  the  nature  of  Volition  has  been  adopted 

•  MULLER :  Phyiiology,  ii.  885. 

f  Bain  :  The  Senses  and  the  Inteliect,  p.  296. 
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and  developed  by  Mr  Bain,*  with  a  fulness  and  sag- 
gestiveness  of  treatment  which  leaves  little  to  be  de- 
sired. There  are  questions  he  leaves  untouched,  and 
points  on  which  I  do  not  find  myself  able  to  agree  with 
him ;  but,  on  the  whole,  I  have  received  more  light 
from  his  work,  than  from  that  of  any  other  psychologist, 
and  shall  therefore  expound  his  views,  in  preference  to 
those  of  any  other.  He  considers  the  Will  as  the 
generalised  expression  of  our  power  to  perform  volun- 
tary actions  ;  and  by  voluntaiy  actions  he  means  those 
which  have  an  established  connection  with  certain  sen- 
sationa  A  sensation  of  pain  excites  the  active  organs : 
the  animal  struggles  till  it  has  escaped  the  pain ;  these 
struggles  are  involuntary,  and  they  are  so  because  beyond 
definite  control,  beyond  the  guidance  of  any  one  feeling ; 
they  belong  to  what  Mr  Bain  calls  the  "  diffiisiye  wave 
of  emotion ;''  whereas  voluntary  actions  are  isolated, 
and  directed  to  a  particular  end.  In  the  course  of  its 
struggles,  the  animal  accidentally  makes  one  movement 
which  is  followed  by  an  alleviation  or  cessation  of  the 
pain ;  this  makes  it  discontinue  all  the  other  move- 
ments, and  continue  that  which  alleviates.  If  any  of 
the  other  movements  are  set  going,  the  pain  recurs, 
and  warns  the  animal  to  cease.  The  continuance  of 
an  alleviating  movement,  Mr  Bain  regards  as  the  voli- 
tional element. 

"  We  must  in  the  first  instance  clearly  and  broadly 
separate  the  diffusive  wave,  accompanying  all  emotions 
as  their  necessary  embodiment,  from  the  active  influ- 

*  Bain  :  TTie  Emotwiu  and  Ou  Will. 
VOL.  IL  Q 
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ence  now  under  discussion.  This  is  the  moie  neeessvy 
as  the  two  classes  of  movements  are  Terj  9pL  to  co- 
exist. A  blow  with  a  whip,  inflicted  on  a  sentient 
creature,  produces,  as  a  part  of  the  emotional  ^ect, 
strictly  80  called,  a  general  conyulfflve  start,  grimace, 
and  howl ;  it  also  produces,  in  the  case  of  the  mature 
animal,  an  exertion  in  same  definite  course  to  avoid  the 
recurrence  of  the  infliction.  The  first  effect  is  entirdy 
untaught,  primitive,  instinctive  ;  being  intimately  and 
indissolubly  connected  with  feeling  in  the  veiy  nature 
of  it  The  other  effect  is  based  likewise  on  an  original 
property,  but  brought  into  the  shape  that  we  usually 
find  it  in,  after  some  experience  and  considerable  strug- 
gles. The  element  just  mentioned,  of  aim  or  purpose, 
in  no  sense  belongs  to  the  movements  of  the  diffused 
wave,  or  those  constituting  the  manifestation  or  expres- 
sion of  the  mental  state.  The  ecstatic  shout  of  hila- 
rious excitement,  the  writhings  of  pain,  are  eneigetic 
movements,  but  they  belong  neither  to  the  class  of 
central  spontaneity  above  described,  nor  to  the  volon^ 
tary  class  now  under  consideration." 

When  a  very  young  infant  is  in  pain,  it  struggles 
and  squalla  That  is  all  it  can  do ;  it  does  that  lustily. 
Mr  Bain  considers  it  due  to  the  diffused  wave  of  emo- 
tion. Suppose  the  cause  of  the  pain  to  be  a  needle 
pricking  its  foot ;  the  child  will  make  no  effort  to 
remove  that  needle,  because  the  link  between  such  a 
pain  and  such  an  action  has  not  yet  been  established, 
and  this  voluntary  effort  cannot  be  made  Before  it 
can  make  such  an  effort  it  must  have  learned  to  local- 
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ise  its  sensations.  Every  surgeon  knows  that  the 
young  infant  may  be  allowed  to  have  his  hands  free, 
when  operated  on,  because  it  cannot  with  its  hands  in- 
terfere with  the  knife,  not  as  yet  knowing  where  the 
seat  of  pain  is.  When,  later  on,  it  has  learned  to  local- 
ise its  sensations,  it  may  learn  what  actions  alleyiate 
them.  A  baby  in  discomfort  from  some  itching  of  the 
nose  is  at  first  simply  restless ;  it  learns  to  rub  that 
nose  with  its  little  fist,  only  after  much  experience  of 
rubbings. 

Mr  Bain  relies  on  the  primary  fact  that  when  pain 
coexists  with  an  accidental  alleviating-moyement,  or 
when  pleasure  coexists  with  a  pleasure -sustaining 
movement,  such  movements  become  subject  to  the 
control  of  the  respective  feelings  which  occur  in  their 
company.  It  is  a  primordial  law  that  we  shrink  from 
pain  and  cling  to  pleasure  ;  as  long  as  the  pain  is  un- 
alleviated,  movements  are  kept  up ;  as  soon  as  one  par- 
ticular movement  brings  cessation  of  pain,  that  move- 
ment is  kept  up.  An  infant  lying  in  bed  has  the  pain- 
ful sensation  of  chilliness.  This  feeling  produces  the 
usual  emotional  display,  namely,  movement,  perhaps 
cries  and  tears.  In  the  course  of  a  variety  of  spon- 
taneous movements  of  arms  and  legs,  there  occurs  an 
action  that  brings  the  child  in  contact  with  the  nurse 
lying  beside  it;  instantly  warmth  is  felt,  and  this 
alleviation  of  painful  feeUng  becomes  immediately 
the  stimulus  to  sustain  the  movement  going  on  that 
moment.  That  movement,  when  discovered,  is  kept 
up,  in  preference  to  the  others.    In  this  way  the  child 
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learns  to  oonnect  certain  sensatioiia  widi  oertam  more- 
mente,  and  at  a  year  old  will  draw  dose  to  its  nime 
whenever  the  sensation  of  odd  comes  on,  eren  dming 
sleep.  ''  It  is  an  original  property  of  our  feelings  to 
pronipt  the  active  system  one  way  or  another,  but 
there  is  no  original  connection  between  the  several 
feelings  and  the  actions  that  are  relevant  to  each  par- 
ticolar  case.  To  arrive  at  this  goal,  we  need  all  the 
resources  of  spontandty,  trial  and  error,  and  the 
adhesive  growth  of  the  proper  couples,  when  they  can 
once  be  got  together.  The  first  steps  of  onr  volitional 
education  are  a  jumble  of  sputtering,  stumbling,  and 
all  but  despauing  hopdessnesai  Instead  of  a  dear 
curriculum,  we  have  to  wait  upon  the  acddenta,  and 
improve  them  when  they  come/' 

No  one  will  withhold  his  assent  from  the  propod- 
tion  that  a  pain  increasing  in  company  with  any  move- 
ment must  tend  to  cause  the  arrest  of  that  movement ; 
or  that  pleasure  increasing  in  company  with  a  move- 
ment must  tend  to  cause  the  continuance  of  that  move- 
ment 

*'  The  spontaneous  action  that  brings  a  limb  into  a 
painfid  contact,  as  when  the  child  kicks  its  foot  upon 
a  pin  in  its  dress,  is  undoubtedly  from  the  earliest 
moment  of  mental  life  arrested.  Without  this  I  see 
no  possible  commenceinent  of  volnntaiy  power.  So  a 
movement  that  mitigates  a  pain  already  in  operation  is 
maintained,  as  long  as  the  creature  is  conscious  of 
diminished  suffering.  In  this  way,  the  arms,  hands, 
and  fingers  work  for  abating  sharp  agony,  provided 
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only  the  right  member  has  found  its  way  into  action. 
No  provision,  as  I  have  often  said,  exists  at  the  dawn 
of  life  for  getting  the  right  member  into  play.  The 
infant  being  must  go  through  many  a  cycle  of  annoy- 
ance, because,  among  numerous  stimulants  to  action 
that  have  o6curred,  the  right  one  has  been  omitted. 
But  the  true  impetus  once  arising,  the  mind  is  alive 
to  the  coincidence  of  this  with  decreasing  or  vanished 
pain  ;  just  as,  on  the  other  hand,  we  must  suppose  it 
alive  to  the  coincidence  of  some  other  movement  with 
an  aggravation  of  the  eviL  The  greater  the  pain,  the 
more  strongly  is  the  alleviating  movement  sustained 
when  once  under  way.  For  the  next  stage  of  the  pro- 
cess, the  establishment  of  a  connection  between  the 
pain  and  the  special  action,  we  must  fall  back  upon 
the  foundation  of  all  our  acquisitions,  namely,  the  force 
of  contiguous  association.  The  concurrence  of  a  par- 
ticular sensation,  as  a  prick  in  the  arm,  with  that  re- 
tracting movement  which  rids  us  of  the  pain,  leads  to 
the  rise  of  an  adhesive  bond  between  the  two,  if  a  suf- 
ficient number  of  repetitions  have  occurred.  We  can- 
not say  how  many  instances  of  chance  conjunction  are 
requisite  to  generate  an  association  so  strong  as  to  take 
away  the  uncertainties  attending  the  spontaneous  dis- 
charge ;  all  the  circumstances  governing  the  rapidity 
of  contiguous  adhesion  would  have  to  be  taken  into 
account  in  this  case.  The  excitement  of  strong  pain 
on  the  one  hand,  or  of  strong  pleasure  on  the  other,  is 
a  feivourable  moment  for  the  growth  of  an  association : 
and  probably  not  a  great  number  of  those  occasions 
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would  be  necessary  to  convert  an  inchoate  into  a  foil- 
formed  Tolition.  Full-formed,  I  say,  because  when  the 
supposed  pain  can  bring  into  play  the  proper  more* 
ment,  in  the  absence  of  all  spontaneous  tendency,  we 
have  a  case  of  Toluntaiy  power  complete  for  all  the 
purposes  of  the  living  being.  The  example  that  I  am 
now  discussing,  namely,  the  retractation  of  any  part  of 
the  body  from  a  painful  contact,  implies  a  yery  numer- 
ous set  of  coincidences  between  local  pains  and  local 
movements.  For  all  contacts  on  the  back  of  the  hand, 
there  must  be  an  association  with  the  muscles  of 
flexion ;  for  the  palm,  the  extensor  muscles  must  be 
affected  For  the  outside  of  the  arm,  the  tendency  to 
draw  it  towards  the  side  has  to  be  prompted.  And  so 
in  like  manner  for  every  part  of  the  body,  under  an 
irritating  smart,  there  must  be  a  formed  connecticMk 
between  painfiil  sensation  arising  in  the  locality  and 
the  corresponding  movements  of  retractation.  This  is 
one  department  of  voluntary  acquisition,  and  consists 
of  a  multitude  of  couples  of  individual  sensations  and 
individual  movements,  joined  by  association,  after  being 
commenced  by  spontaneity.  For  the  class  of  acate 
pains  supposed  the  acquirement  is  perfect^  owing  in  a 
great  measure  to  the  simplicity  of  the  case.  It  is  not 
so  with  many  of  those  muscular  pains,  which  we  are 
professedly  considering  at  present,  although  in  the  fore- 
going illustration  we  have  departed  from  them,  and 
somewhat  anticipated  the  subject  of  sensation  at  lai^ga 
The  cramps  of  the  limbs  do  not  ordinarily  suggest  the 
alleviating  action.    Owing  partly  to  the  rarity  of  the 
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feeling,  we  have  not  usually  a  fuU-fonned  volition 
which  enables  the  state  of  suffering  to  induce  the  alle- 
viating action,  and  consequently  we  are  thrown  upon 
the  primitive  course  of  trial  and  error.  This  instance 
shows,  by  contrast  with  the  preceding,  how  truly  our 
voluntary  powers  result  from  education.  An  established 
link  between  a  cramp  in  the  ball  of  the  leg,  and  the 
proper  actions  for  doing  away'with  the  agony,  is  quite 
as  great  a  desideratum  as  drawing  up  the  foot  when 
the  toe  is  pinched  or  scalded ;  yet  no  such  link  exists, 
imtil  a  melancholy  experience  has  initiated  and  ma- 
tured it  The  connection  in  the  other  case  is  so  well 
formed  from  early  years,  that  almost  everybody  looks 
upon  it  as  an  instinct,  yet  why  should  there  be  an 
instinct  for  the  lighter  fom\s  of  pain,  and  none  for  the 
severest?  The  truth  is,  that  the  good  education  in  the 
one  is  entirely  owing  to  our  being  more  favourably 
situated  for  making  the  acquisition." 

Hitherto  we  have  seen  voluntary  actions  under  the 
guidance  of  sensations  only ;  let  us  now  observe  the 
ideal  guidance.  A  child  is  seated  at  table.  He  places 
his  hand  upon  the  bright  teapot,  and  the  pain  of  the 
bum  makes  him  withdraw  his  hand ;  again  the  bright- 
ness attracts  his  curious  fingers,  and  again  the  pain 
makes  him  desist.  After  a  certain  number  of  trials 
the  idea  of  the  pain  is  so  associated  with  that  of  the 
teapot,  that  the  child  no  longer  bums  himself.  But 
he  has  thrust  his  hand  into  the  biscuit-plate,  and  finds 
this  action  rewarded  with  a  biscuit  instead  of  a  bum. 
On  repeating  it  he  is  scolded,  or  slapped,  or  put  into 


^ 
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the  comer — ^made  to  suffer  pain  ;  and  if  this  pain  be 
always  inflicted  when  he  acts  thus,  he  will  soon  leani 
to  restrain  his  forays  upon  the  biscuitSb  This  link 
which  is  established  between  an  action  and  a  pain,  is 
an  ideal  link,  and  finds  its  place  in  memoiy ;  it  is  nearly 
as  firm  as  a  sensational  link.  The  supposition^  however, 
that  this  ideal  link  makes  the  action  voluntaiy,  as  dis- 
tinguished from  an  action  which  is  guided  by  a  sensa- 
tional link,  will  not  withstand  criticism. 

At  first  our  actions  are  guided  by  sensations ;  tiien 
by  the  ideal  representatives  of  those  sensations. 

'*  Instead  of  an  actual  moyement  seen,  we  have  for 
the  guiding  antecedent  a  movement  conceived,  or  in 
idea.  The  association  now  passes  to  those  ideal  notions 
that  we  are  able  to  form  of  our  various  actions,  and 
connects  them  with  the  actions  themselvea  All  that 
is  then  necessary  is  a  determining  motive,  putting  the 
action  in  request  Some  pleasure  or  pain,  near  or 
remote,  is  essential  to  every  voUtional  effort,  or  every 
change  from  quiescence  to  movement,  or  from  one 
movement  to  another.  We  feel,  for  example,  a  painful 
state  of  the  digestive  system,  with  the  consequait 
volitional  urgency  to  allay  it ;  experience,  direction, 
and  imitation,  have  coimected  in  our  minds  all  the 
intermediate  steps,  and  so  the  train  of  movements  is 
set  on.  On  the  table  before  us  we  see  a  glass  of 
liquid  ;  the  infant  never  so  thirsty  could  not  make  the 
movement  for  bringing  it  to  the  mouth.  But  in  the 
maturity  of  the  will,  a  link  is  formed  between  the 
appreciated  distance  and  direction  of  the  glass,  and  the 
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movement  of  the  arm  up  to  that  point ;  and  under  the 
stimulus  of  pain,  or  of  expected  pleasure,  the  movement 
is  executed." 

It  often  happens  that  we  are  conscious  of  ''an 
interval  of  suspense  between  the  moment  of  painful 
urgency  and  th6  moment  of  appeasing  action ; "  because 
the  reflex-feelings  are  many,  and  these  cross  and  re- 
cross  each  other,  so  that  no  one  of  them  issues  in 
action.  This  was  the  case  with  the  frog  which  we 
cited  just  now ;  instead  of  hopping  away  when  pinched, 
it  cowered  and  seemed  hesitating  as  to  its  escape. 

And  this  leads  us  to  consider  how  thoughts,  no  less 
than  actions,  can  be  controlled;  how  the  mind  has 
power  over  its  actions,  no  less  than  over  the  actions 
of  the  body.  The  fact  that  we  can,  in  some  degree, 
control  the  thoughts,  is  indisputable ;  how  we  do  so  is 
not  so  clear. 

The  power  of  keeping  up  one  train  of  thought,  is 
analogous  to  that  of  keeping  up  one  course  of  muscular 
action.  We  cling  to  certain  ideas  because  they  are 
pleasant,  or  interest  us,  or  because  some  remote  pain 
or  pleasure  stimulates  us ;  and  we  repress  all  other 
thoughts  as  they  arise,  just  as  we  should  repress  move- 
ments which  disturbed  a  pleasurable  sensation.  It  is 
notorious  that  we  cannot  call  up  any  one  idea  at  wUI ; 
but  having  once  got  hold  of  the  idea»  we  can  keep  it 
before  the  mind.  What  Mr  Bain  has  said  when 
treating  of  the  intellectual  process  named  by  him  "  con- 
structive association,'^  seems  to  us  the  true  explanation 
of  aU  command  over  the  thought : — 

VOL.  IT.  » 
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"When  Watt  invented  his  '  paialkl  motion '  for  the 
steam-engine,  his  intellect  and  ojjiseryBtixm  were  kepi 
at  work,  going  ont  in  all  directions  for  the  chance  of 
some  suitable  combination  rising  to  view ;  his  sense  of 
the  precise  thing  to  be  done  was  the  constant  toodi- 
stone  of  every  contrivance  occnning  to  him,  and  all 
the  saccessive  suggestions  were  arrested,  or  repeUed, 
as  they  came  near  to,  or  disagreed  with,  this  tooch- 
stone  The  attraction  and  repulsion  were  purely  voH- 
tional  effects ;  they  were  the  continnance  of  the  veiy 
same  energy  that,  in  his  babyhood,  made  him  keep  his 
month  to  his  mother^s  breast  while  he  felt  hunger  nn- 
appeased,  and  withdraw  it  when  satisfied,  or  that  made 
him  roll  a  sugary  morsel  in  his  mouth,  and  let  drc^ 
or  violently  eject  what  was  bitter  or  nauseous.  Hie 
promptitude  that  we  display  in  setting  aside  or  ignor- 
ing what  is  seen  not  to  answer  our  present  wants, 
is  volition,  pure,  perennial,  and  immodified;  the  power 
seen  in  our  infant  strokes  for  nourishment  and 
warmth,  or  the  riddance  of  acute  pain,  and  presiding 
over  the  last  endeavours  to  ease  the  agonies  of  suffering. 
No  formal  resolution  of  the  mind,  adopted  after  consi- 
deration or  debate,  no  special  intervention  of  the  '  ego,' 
or  the  personality,  is  essential  to  this  putting  forth  of 
the  energy  of  retaining  on  the  one  hand,  or  repudiating 
on  the  other,  what  is  felt  to  be  clearly  suitable,  or 
clearly  unsuitable,  to  the  feelings  or  aims  of  the 
moment.  The  inventor  sees  the  incongruity  of  a  pro- 
posal, and  forthwith  it  vanishes  from  his  view.  Thesre 
may  be  extraneous  considerations  happening  to  keep  it 
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up  in  spite  of  the  yolitional  stroke  of  repudiation,  but 
the  genuine  tendency  of  the  mind  is  to  withdraw  all 
further  consideration,  on  the  mere  motive  of  unsuit- 
ability ;  while  some  other  scheme  of  an  opposite  nature 
is,  by  the  same  instinct,  embraced  and  held  fast.  In 
all  these  new  constructions,  be  they  mechanical,  verbal, 
scientific,  practical,  or  sesthetical,  the  outgoings  of  the 
mind  are  necessarily  at  random  ;  the  end  alone  is  the 
thing  that  is  clear  to  the  view,  and  with  that  there  is 
a  perception  of  the  fitness  of  every  passing  suggestion. 
The  volitional  energy  keeps  up  the  attention,  or  the 
active  search,  and  the  moment  that  anything  in  point 
rises  before  the  mind,  springs  upon  that  like  a  wild 
beast  on  its  prey." 

Nowhere  has  Mr  Bain  expressed  himself  categorically 
respecting  the  difference  between  voluntary  and  in- 
voluntary actions ;  but  he  assumes  the  difference,  and, 
implicitly  at  least,  he  makes  it  depend  on  the  establish- 
ment of  the  link  of  feeling.  "  Voluntary  actions/'  he 
says,  in  the  nearest  approach  to  a  definition  we  can 
recall,  ''  are  distinguished  from  refiex  and  spontaneous 
activity  by  the  directive  intervention  of  a  feeling  in 
their  production.'*  In  denying  the  intervention  of 
sensation  in  reflex-actions,  he  only  follows  the  current 
theory  ;  but  unless  he  separates  the  involuntary  from 
refiex  and  spontaneous  actions,  he  falls  into  manifest 
contradiction  with  his  own  principles,  in  making  the 
intervention  of  feeling  the  mark  of  a  voluntary  act 
We  have  endeavoured  to  show  that  both  volantary 
and  involuntary  actions  are  refiex,  following  upon  the 
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stimiiluB  given  to  their  centres,  that  stimnlns  bdng 
sensational  or  ideational     Nor  is  this  all:  they  are 
both  capable  of  being  brought  nnder  control — ^that  is 
to  say,  of  being  restrained  or  originated  by  the  infln- 
ence  of  some  other  centre.     That  we  do  not  habitaally 
control  (that  is,  interfere  with)  the  action  of  the  heart, 
the  contraction  of  the  iris,  or  the  activity  of  a  gland,  is 
true ;  it  is  on  this  account  that  such  actions  are  called 
involuntary ;  they  obey  the  immediate  stimulua    But 
it  is  an  error  to  assert,  as  most  physiologists  and 
psychologists  persist  in  asserting,  that  these  actions 
cannot  be  controlled,  that  they  are  altogether  beyond 
the  interference  of  other  centres,  and  cannot  by  any 
effort  of  ours  be  modified    It  is  an  error  to  suppose 
these  actions  are  essentially  distinguished  from  the 
voluntary  movement  of  the  hands.    We  have  acquired  a 
power  of  definite  direction  in  the  movements  of  the 
hands,  which  renders  them  obedient  to  our  will ;  but 
this  acquisition  has  been  of  slow  laborious  growth.    If 
we  were  asked  to  use  our  toes  as  we  use  our  fingers — 
to  grasp,  paint,  sew,  or  write  with  them,  we  should 
find  it  not  less  impossible  to  control  the  movements  of 
the  toes  in  these  directions,  than  to  contract  the  iris,  or 
cause  a  burst  of  perspiration  to  break  forth.      Certain 
movements  of  the  toes  are  possible  to  us ;  but  unless 
the  loss  of  our  fingers  has  made  it  necessary  that  we 
should  use  our  toes  in  complicated  and  slowly  acquired 
movements,  we  can  do  no  more  with  them  than  the 
young  infant  can  do  with  his  fingera    Yet  men  and 
women  have  written,  sewed,  and  painted  with  their 
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toea  AU  that  is  required  is  that  certain  links  should 
be  established  between  sensations  and  movements ;  by 
continual  practice  these  links  are  established ;  and 
what  is  impossible  to  the  majority  of  men,  becomes 
easy  to  the  individual  who  has  acquired  this  power. 
This  same  power  can  be  acquired  over  what  are  called 
the  organic  actions;  although  the  habitual  needs  of 
life  do  not  tend  towards  such  acquisition,  and  without 
some  strong  current  setting  in  that  direction,  or  some 
peculiarity  of  organisation  rendering  it  easy,  it  is  not 
acquired.  In  ordinary  experience  the  number  of  those 
who  can  write  with  their  toes  is  extremely  rare,  the 
urgent  necessity  which  would  create  such  a  power 
being  rare ;  and  rare  also  are  the  examples  of  those 
who  have  any  control  over  the  movement  of  the  iris, 
or  the  action  of  a  gland  ;  but  both  rarities  exist 

It  would  be  difficult  to  choose  a  more  striking  ex- 
ample of  reflex-action  than  the  contraction  of  the  iris 
of  the  eya  under  the  stimulus  of  light ;  and  to  ordinary 
men,  having  no  link  established  which  would  guide 
them,  it  is  utterly  impossible  to  close  the  iris  by  any 
effort.  It  would  be  not  less  impossible  to  the  hungry 
child  to  get  on  the  chair  and  reach  the  food  on  the 
table,  until  that  child  had  learned  how  to  do  so.  Yet 
there  are  men  who  have  learned  how  to  contract  the 
iria  The  celebrated  Fontana  had  this  power  ;  which 
is  possessed  also  by  a  medical  man  now  living  at  Kil- 
marnock— Dr  Paxton — a  fact  authenticated  by  no  less 
a  person  than  Dr  Allen  Thomson.*    Dr  Paxton  can 

*  Glasgow  Medical  Journal,  1857,  p.  461. 
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contract  or  expand  the  iris  at  will,  without  c^ng^ng 
the  position  of  his  eye,  and  without  an  effort  of  adap- 
tation to  distance. 

To  move  the  ears  is  impossible  to  most  men.  Yel 
some  do  it  with  ease,  and  all  can  learn  to  do  it  Some 
men  have  learned  to  *'  ruminate  "  their  food ;  others  to 
vomit  with  ease  ;  and  some  are  said  to  have  the  power 
of  perspiring  at  will.*  That  many  glands  are  under 
the  influence  of  the  Will — ^in  other  words,  that  we  can 
stimulate  them  to  secretion  by  a  mere  ideal  sllmulas — 
is  too  well  known  to  need  instance  here.  Even  the 
beating  of  the  heart  can  be  arrested.  The  heart  has 
its  own  nervous  system.  The  minute  ganglia  imbedded 
in  its  substance  regulate  its  rhythmic  movements ;  and 
long  after  death  the  heart  is  seen  to  beat  But  although 
thus  independent,  it  is  also  dependent :  its  nervous 
system  is  in  connection  with  the  spinal  chord  and 
brain  ;  and  influences  from  these  will  act  upon  it  (see 
p.  147).  Thus  it  is  that  emotions  agitate  the  heart ; 
the  disturbance  of  its  movements  comes  from  the  inter- 
ference of  brain  or  chord.  Now,  if  once  we  recognise 
a  channel  of  sensation,  we  recognise  a  possible  source 
of  control ;  and  if  the  daily  needs  of  life  were  such  that 
to  fulfil  some  purpose  the  action  of  the  heart  required 
control,  we  should  leain  to  control  it.  Some  men 
have,  without  such  needs,  learned  how  to  control  it 
The  eminent  physiologist,  £.  F.  Weber  of  Leipzig, 
found  that  he  could  qpmpletely  check  the  beating  of 

•  Mater  :  Die  eUmerUarorganisation  det  SeeUnorgam,  p.  \2,ia  the 
authority  for  the  last  statemoDt. 
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his  heart  By  suspending  his  breath,  and  violently 
contracting  his  chest,  he  could  retard  the  pulsations ; 
and  after  three  or  five  beats,  unaccompanied  by  any  of 
the  usual  sounds,  it  was  completely  stilL  On  one  occa- 
sion he  carried  the  experiment  too  far,  and  fell  into  a 
syncope  Cheyne,  in  the  last  centuiy,  recorded  a  case 
of  a  patient  of  his  own  who  could  at  will  suspend 
the  beating  of  his  pidse,  and  always  fsdnted  when 
he  did  so. 

It  thus  appears  that  even  the  actions  which  most 
distinctly  bear  the  character  recognised  as  involun- 
tary — ^uncontrollable — are  only  so  because  the  ordinary 
processes  of  life  famish  no  necessity  for  their  control 
We  do  not  learn  to  control  them,  though  we  could  do 
so,  to  some  extent ;  nor  do  we  learn  to  control  the 
motions  of  our  ears  and  toes,  although  we  could  do  so. 
And  while  it  appears  that  the  involuntary  actions  can 
become  voluntary,  it  is  familiar  to  all  that  the  voluntary 
actions  tend,  by  constant  repetition,  to  become  invol- 
untary, and  are  then  called  secondarily  automatic. 

The  conclusion  at  which  we  arrive  is  this :  Popu- 
lar language  conveniently  classes  actions  as  voluntary 
when  a  distinct  conception  of  the  object  to  be  achieved 
accompanies  or  originates  them.  But  Fyschology  and 
Physiology,  descending  deeper  than  such  classifications, 
and  analysing  the  process  which  takes  place  in  the 
organism,  declare  that  all  actions  whatever  are  the 
responses  of  organs  to  the  stimulus  of  their  nerve- 
centrea  Whether  the  action  be  the  movement  of  a 
muscle  or  the  secretion  of  a  gland,  it  is  finally  deter- 
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mined  by  the  centre  from  which  the  organ  is  sapplied. 
This  centre  may  be  8timn]ated  by  a  sensory  nerye 
going  from  the  surface — as  when  the  salivary  gland 
ponrs  out  its  secretion  after  the  stimnlns  of  food,  or 
the  limb  contracts  on  the  stimnlns  of  pain.  The  centre 
may  also  be  stimulated  by  the  action  of  some  other 
centre:  as  when  the  idea  of  food  causes  a  flow  of 
saliva;  or  an  irritation  of  the  saUvary  gland  causes 
a  flow  of  gastric  juice.  But  whether  the  action  result 
from  a  direct  or  an  indirect  stimulus,  it  is  always  the 
same  response  of  an  organ  to  its  centre ;  whether  die 
starting-point  be  an  idea»  or  a  sensation,  the  final  issue 
is  an  excitation  of  the  particular  centre,  and  the  response 
of  a  particular  action.*  We  cannot  separate  some 
actions  fi^m  others,  and  call  them  voluntary  merdy 
because  they  are  dependent  on  a  link  of  feeling,  since 
all  actions  are  dependent  on  sensation.  And  if  any 
reader  objects  to  such  a  conclusion  on  the  ground  that 
it  makes  the  Soul  animate  the  whole  body,  and  preside 
over  all  its  actions,  not  simply  over  a  few  of  them — ^if 
he  objects  that  we  are  thereby  retrograding  towards 
the  doctrine  of  Stahl— our  reply  is :  we  must  follow 
Logic  whither  Logic  leads.   Any  reader  who  is  unoom- 

*  In  the  valuable  work  by  M.  Landrt— TVaiei  da  PartdysUt^  the 
first  part  of  which  appeared  while  these  sheets  were  at  the  printeHs — 
there  is  a  view  of  Yoluntary,  inyoluntaiy,  and  reflex  actions^  almost 
identical  with  the  one  given  above.  Indeed,  although  M.  Jjaitdrt's 
language,  and  his  psychological  opinions  generally,  accord  with  cur> 
rent  doctrines,  the  physiological  oonclusions  to  which  his  reaearches 
have  conducted  him  agree,  in  the  main,  with  those  I  have  endeavoured 
to  establish 
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fortable  at  the  idea  of  retrograding,  who  is  nnwiUing 
to  believe  that  all  the  phenomena  of  his  sensitive 
organism  have  one  common  source,  one  kindred  na- 
ture, and  one  conmion  name — ^the  sonl — ^is  at  perfect 
liberty  to  try  and  reach  some  other  conviction  which, 
besides  being  more  agreeable  to  his  feelings,  will  bet- 
ter explain  the  £Eicts.  It  is  a  topic  on  which  no  man 
will,  wisely,  dogmatise.  The  veil  of  mystery  will  never 
be  lifted.  We  who  stand  before  that  veil,  and  specu- 
late as  to  what  is  behind  it,  can  but  build  systems ; 
we  cannot  see  the  truth. 

VI.  The  Spinal  Chord  as  a  Sensational,  Voli- 
tional Center — ^The  ground  has  now  been  fairly 
cleared  for  a  most  important  inquiry,  one  not  only 
essential  to  the  aigument  against  the  Brain  as  the 
exclusive  organ  of  the  Mind,  but  also  essential  to 
the  right  understanding  of  most  questions  relating 
to  nervous  phenomena.  It  was  necessary  that  we 
should  first  come  to  a  distinct  understanding  about  the 
Beflex-Theory ;  because  while,  on  the  one  hand,  that 
Theory  relied  for  support  on  the  facts  which  showed 
that  the  Spinal  Chord  was  an  independent  centre,  act- 
ing as  well  without  the  Brain  as  with  it — and  hence 
its  actions  were  assumed  to  be  independent  of  sensa- 
tion ; — on  the  other  hand,  the  facts  which  unequivo- 
cally declare  that  the  Spinal  Chord  is  a  sensational 
centre,  were  set  aside,  and  explained  away,  as  being 
"merely  reflex."  To  prove  that  reflex-actions  are 
independent  of  sensation,  it  is  first  necessaiy  to  prove 

VOL.  n.  s 
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that  the  actions  of  the  Spinal  Chord  are  independent 
of  sensation.  This  has  never  been  j>roved :  it  has  been 
assumed ;  and  assumed  in  the  face  of  opposing  evi- 
dence.  I  shall  now  endeavour  to  show  that  the  Spinal 
Chord  is  a  sensational  centre;  a  conclusion  which 
would  give  the  final  blow  to  the  Beflez-Theoiy. 

1.  Views  of  earlier  Writers. — ^Although  the  reasons 
for  the  opinion  maintained  in  these  pages  respecting 
the  fundamental  agreement  of  all  nerve-centres,  have 
not,  I  believe,  before  been  applied  to  the  functions  of 
the  Spinal  Chord,  the  opinion  itself,  of  the  sensational 
functions  of  the  chord,  is  by  no  means  new.  Bobert 
Whytt  maintained  it  Prochaska,  as  we  have  seen, 
held  that  the  spinal  chord  formed  the  greater  part  of 
the  sensoriwm  commtme;  and  he  adduced,  in  proo^ 
the  familiar  facts  of  sensibility  manifested  by  headless 
animals.  The  next  writer  whom  I  can  discover  to  have 
held  this  opinion  is  J.  J.  Sue — ^the  father  of  the  ode- 
brated  French  romance- writer — ^who,  in  1803,  conceived 
that  his  experiments  proved  the  Spinal  Chord  to  be 
capable  of  replacing,  to  a  certain  extent,  the  functioiis 
of  the  Brain.*  Next  came  Legallois,-}*  who  imdertook 
to  show,  by  a  series  of  experiments,  that  the  principle  of 
sensation  and  movement,  in  the  trunk  and  extremities, 
has  its  seat  in  the  Spinal  Chord.    The  mere  division  of 

*  Sue:  JUcUrehet  Pkilotophiqua  twr  la  Vitaliti  el  U  Galvmime, 
p.  9.  He  was  not  consistent,  however,  but  adopted  Bichafs  opinion 
respecting  the  sensibility  of  the  viscera,  p.  68. 

f  Leoalloib  :  Exphuneea  star  U  ftrineipe  de  la'vte.  Published,  I 
conclude,  in  1811 ;  the  edition  I  use  is  the  one  printed  in  the  JSneyelo- 
pfdte  des  Sciencea  Mtdicaln,  iv. 
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the  chord,  he  said,  produces  ''  the  astonishiog  result  of 
an  animal,  in  which  the  head  and  the  body  enjoyed 
separate  vitality^  the  head  living  as  if  the  body  did 
did  not  exist,  and  the  body  living  as  if  the  head  did 
not  exist.  Guinearpigs,  after  decapitation,  seem  very 
sensitive  to  the  pain  caused  by  the  wound  in  the  neck ; 
they  alternately  carry  first  one  hind-leg,  and  then  the 
other,  to  the  spot,  as  if  to  scratch  it  Kittens  also  do 
the  same." 

A  few  years  afterwards,  1817,  Dr  Wilson  Philip 
concluded  that  '*  the  spinal  marrow  possesses  sensorial 
power,  as  appears  from  v^  simple  experiments ;"  but 
he  held  the  Brain  to  be  the  chief  source  of  sensorial 
power  *  The  following  year,  Lallemand  supported  this 
opinion  by  th^  very  curious  phenomena  exhibited  by 
infants  bom  without  brains:  these  infants  breathed, 
swallowed,  sucked,  squalled,  and  gave  very  unequivocal 
signs  of  sensibility.  The  value  of  such  observations 
consists  in  disproving  the  objection  frequently  urged 
against  the  evidence  of  decapitated  animals,  namely, 
that  in  these  animals  the  Spinal  Chord  preserves  the 
remains  of  a  sensibility  endowed  by  the  Brain. 

Longet  here  places  an  observation  recorded  by  Beyer. 
A  new-bom  infant,  whose  brain,  during  the  birth,  had 
been  completely  extirpated  (to  save  the  mother's  Ufe), 
was  wrapped  in  a  towel,  and  placed  in  the  comer 
of  the  room,  as  a  lifeless  mass.  While  the  surgeon  was 
giving  all  his  care  to  the  mother,  he  heard  with  horror 

•  WnjBOir  Philip  :  Experimental  Inquiry  into  the  Lawt  of  the  Vital 
Fvnctiom,  pp.  209,  210. 
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a  kind  of  murmur  proceeding  from  the  spot  where  the 
body  had  been  placed.  In  three  minutes  a  distinct  cry 
was  heard.  The  towel  was  removed,  and,  to  the  sur- 
prise of  all,  this  brainless  infimt  was  seen  stmg^ing 
with  rapid  movement  of  its  arms  and  legs.  It  cried, 
and  gave  other  signs  of  sensibility  for  several  minutes.* 

In  1828,  Calmeil  arrived  at  the  same  conclusion  as 
that  reached  by  Legallois,  Wilson  Philip,  and  Lalle- 
mand  Indeed  when,  in  1833,  the  Beflex-Thecny 
appeared,  this  opinion  was  so  firmly  rooted,  that  we 
find  Mr  Grainger  combatiDg  it  as  the  established  error 
of  the  day.  He  takes  as  ^luch  pains  to  show  that 
physiologists  are  wrong  in  attributing  sensation  to  the 
Spinal  Chord,  as  I  am  here  taking  to  show  that  thqr 
were  right."!*  '*  ^^  ^^  indeed,  apparent,"  he  says, 
"that  the  whole  question  concerning  the  truth  or 
falsehood  of  the  theory  which  attributes  the  reflex 
power  to  the  Spinal  Chord,  hinges  upon  the  correct- 
ness or  incorrectness  of  the  received  doctrines  respect- 
ing the  seat  of  sensation  and  volition ;  so  that  until 
those  doctrines  are  proved  to  be  false,  it  is  impossible 
to  establish  the  hypothesiB  of  Dr  Hall.^  % 

The  reader  is  requested  to  take  note  of  this,  because 
when  we  come  to  the  evidence  which  proves  the  Spinal 
Chord  to  be  a  centre  of  sensation,  we  shall  find  that 
the  onZy  ground  for  rejecting  that  evidence  is  the 

*  LoHOST :  TraiU  tU  Phytiologie,  ii.  105. 

f  He  cites  Cuvier,  Majendio,  Desmoulins,  and  Ma^  as  maintaining 
thiBeTr^r. 
t  Gbainges  :  Struetwe  and  FunctioM  of  the  Sputal  Ckord,  p.  68. 
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assumed  tnitli  of  the  Beflex-Theoiy,  coupled  with  the 
assumption  of  the  Bram  being  the  exclusive  seat  of 
sensation.  Whereas  if  the  evidence  proves  that  the 
Spinal  Chord  is  a  sensational  centre,  then  the  Reflex- 
Theory  is  destroyed,  and  cannot  be  urged  against  such 
evidence. 

Thus  many  of  the  facts  which  prove  the  sensational 
function  of  the  Spinal  Chord  were  known,  and  even  a 
vague  conception  of  their  real  significance  was  general, 
until  the  Reflex-Theory  came  to  explain  all  such  facts 
as  the  results  of  mechanical  adjustment,  and  of  a  new 
nervous  principle  called  "  Reflexion."  For  twenty  years 
this  theory  has  reigned,  and  met  with  but  little  oppo- 
sition. Yet  the  true  doctrine  has  not  wanted  defenders 
in  Germany.  Nasse*  denied  that  decapitated  animals 
showed  no  spontaneity,  and  asserted  that  they  ex- 
hibited clear  signs  of  mental  activity.  Cams  sarcastic- 
ally pointed  out  .that  the  word  "  reflex  "  was  replacing 
"  irritability,"  as  a  key  to  unlock  all  pusszles ;  and  he 
took  up  a  position  which  is  very  similar  to  the  one 
occupied  in  these  pages,  namely,  that  the  Spinal  Chord 
being  formed  of  grey  matter  as  well  as  of  fibres,  it 
must  have  sensibility  and  power  of  reacting  on  nervous 
stimulus,  no  less  than  conductibility :  in  fact,  it  is  a 
centre,  and  must  act  like  all  other  nerve~centres.-f- 
J.  W.  Arnold  refiited  the  Reflex-Theory  in  a  very  re- 
markable little  work,  in  which  he  vindicates  the  claim 
of  the  Spinal  Chord  as  a  sensitive  and  motive  centre, 

*  Nassb  :    Unters.  zur  Pkytioloffie  und  Pathdogie,  voL  ii.  part  2. 
t  Cabus  :  Syst&m  der  Phynologie,  iiL  101. 
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although  denying  to  its  actions  any  volitional  character.* 
This  was  in  1844.     Eleven  years  elapsed  without  any 
farther  opposition,  when  Edward  Pfliiger,  in  1853, 
published  his  work  on  the  Sensorial  Functions  of  the 
Spinal  Chord.-f    In  this  work  he  recurred  to  the  old 
views  of  Prochaska  and  Legallois ;  but  although  he 
attacked  Marshall  Hall  with  merciless  severity,  he  did 
not  point  out  the  fundamental  error  of  the  Reflex- 
Theory,  which  theory  he  seems  to  accept    Nor  did  he 
give  his  views  that  philosophical  and  anatomical  basb 
which  could  alone  render  his  interpretations  acceptable. 
Added  to  this,  the  tone  of  asperity  in  which  his  work 
was  written,  created  a  prejudice  against  him  ;  and  thus, 
while  mauy  admitted  his  facts,  all  rejected  his  conclu- 
sions. I 

In  1858  Professor  Owen  read  a  paper  of  mine  at  the 
Leeds  meeting  of  the  British  Association,  on  "The 
Spinal  Chord  as  a  Centre  of  Sensation  and  Volition," 
in  which  a  rapid  indication  of  my  point  of  view,  and 
an  account  of  some  experiments  to  illustrate  it,  were 
given — not,  I  beUeve,  conclusive  to  any  of  the  audi- 
ence. Indeed,  the  subject  was  too  vast  to  be  discussed 
in  such  a  paper ;  and  my  object  was  rather  to  excite 
new  inquiiy,  than  to  make  converts  to  a  view  which 
could  only  be  embraced  after  a  thorough  reinvestigation 
of  the  dominant  theories. 

*  J.  W.  Arnold  :  Die  Lehre  von  der  R^ex-FunetUm,  86^ 

f  PFLuaER :  DU  tetucriKhen  Funetionm  det  RUckenmarki  dtr  Wir- 

hdihiere. 
t  Except  AUERBAOH,  who  repeated  and  varied  the  experiments ;  mud 

FuNKE,  who  partially  adopted  the  oondusions  in  his  systematic 

on  Physiology. 
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In  1859  appeared  Schiff's  work,  to  which  so  many 
references  have  abready  been  made  ;*  and  here  we  find 
a  large  space  allotted  to  the  discussion  of  FflUger's 
doctrine.  Schiff,  whose  immense  experience  as  an  ex- 
perimentalist, and  whose  acuteness  and  caution,  every 
one  will  highly  estimate^  frankly  pronounces  in  favour 
of  the  sensational  character  of  spinal  actions  ;  but  he 
denies  that  they  are  volitional,  and  objects  strongly  to 
the  introduction  of  any  such  idea  as  that  of  "  psychical 
activity."  He  thinks  it  utterly  untenable  to  suppose 
that  impressions  have  reactions  in  the  brain  which 
they  have  not  in  the  Spinal  Chord : — ^if  one  has  sensi- 
bility, the  other  must  have  it ;  and  he  thinks  that,  so 
&r  from  the  actions  of  the  chord  being  distinguishable 
from  those  of  the  Brain  by  the  character  of  "reflexion," 
and  depending  on  a  mechanical  arrangement  —  aU 
actions,  cerebral  or  spinal,  are  reflex ;  aU  depend  on  a 
mechanical  arrangement.')' 

From  this  sketch  of  the  history,  let  us  now  pass  to 
the  evidence  on  which  the  sensational  character  of  the 
Spinal  Chord  may  be  founded.  The  evidence  may  be 
considered  under  two  aspects — argument  and  experi- 
ment ;  deduction  and  induction. 

2.  The  Deductive  Emdence. — ^In  the  course  of  our 

*  ScHiFF :  Lehrhiu^  der  Phiffiol.,  208. 

t  The  very  latest  writer  on  the  spinal  chord — Landrt  :  TraitS  des 
ParaiytUs — maintains  that  it  is  a  centre  of  sensation,  and  that  there  is 
in  it  a  faculty  analogous  to  the  perception  and  judgment  of  the  brain. 
Compare  pp.  163  «t  teq.  and  905.  He  also  cites  an  essay  by  Dr  Paton 
of  Edinburgh  {Edinhurgh  Medical  Journal,  1846),  in  which  the  sensa- 
tional and  volitional  claims  of  the  spinal  chord  are  advanced. 
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inquiry  we  have  had  so  many  occasions  to  notice  in- 
cidentally the  varions  points  of  the  deductive  evidence 
which  establishes  the  fundamental  similarity  of  the 
brain  and  chord,  that  it  will  not  be  necessary  here  to 
do  more  than  resume  them. 

Similarity  in  structure  implies  similarity  in  pro- 
perty ;  and  the  ganglionic  substance  of  the  Chord  being 
of  a  similar  structure  to  the  ganglionic  substance  of  the 
Brain,  there  must  necessarily  be  a  community  of  pfXh 
pertyhetween  them.*  It  is  true  that  there  are  some  con- 
siderable differences  in  the  arrangement  of  the  tissues, 
in  the  cerebral  and  spinal  centres ;  and  this,  at  firsts 
might  raise  the  suspicion  that  the  properties  of  the  two 
woidd  correspondingly  differ.  But  the  nervous  system 
of  animals  reveals  that  the  mere  presence  of  nenre- 
fibres  and  ganglionic  substance  is  all  that  is  requi- 
site for  the  production  of  sensibility  and  volition,  quite 

*  While  these  Bheets  are  paaaing  through  the  preu,  I  hAve  nad 
OWSJAI^NIKO^S  dlsaeTtation^De  Medtdke  Spinalu  Textwa—ia  which 
he  hriefly  but  distinctly  expresses  the  opinion  so  often  UTg«d  in  these 
pages,  that  ganglionic  cells  must  eyeiywhere  hare  the  same  property; 
and  the  brain,  being  nothing  but  a  mass  of  such  cells  and  fibres^  murt 
resemble  eyery  other  mass  of  such  cells  and  fibres.  "Mihi  eoim 
oerebrum  non  Tidetur  esse  nisi  maesa,  imprimi,  ex  ingenti  ceUnlannn 
nerrearum  numero  fibrisque  ex  iUis  orlginem  duoentibus  oomposita. 
Itaque  in  hisce  cellulis  altiores  functiones  tum  corporis  turn  animi 
repositfB  sunt.  Qucb  celluUe  wtrum  in  wtam  eatervam,  plwrtn$  €atfu€ 
majoru  eoUectce  tint,  au  per  latum  corpus  ditperMB  rtperianiur,  iamti  uo» 
inleretl,  dummodo  faeuUoi,  qua  pfttdUa  tunly  eadmn  maneeU,**^p.  99L 
If  the  anatomical  fact  announced  by  him  at  page  17  should  bo  esta- 
blished—namely, that  the  same  cell  by  its  two  prooeases  is  the  origin 
of  both  anterior  and  posterior  fibres-7>it  would  complete  my  view  of  the 
identily  of  the  so-called  sensory  and  motor  nerves.  But  although  the 
fact  would  suit  my  theory,  I  cannot  conyince  myself  of  its  aocnracy. 
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irrespective  of  any  arrangement  of  these  elementa  And 
ftirther,  we  know  that  the  Mednlla  Oblongata  is  a  seat 
of  Sensibility,  yet  the  arrangement  of  its  elements  is 
extremely  unlike  that  of  the  Brain. 

It  has  already  been  seen  that  the  MedoUa  Oblongata 
is  admitted  by  physiologists  to  be  a  seat  of  sensibility. 
But  we  have  also  seen  that  this  Medulla  is  a  part  of  the 
Spinal  Chord,  having  the  same  constituent  parts,  with 
a  surplus  of  grey  matter,  the  two  forming  one  indistin* 
guishable  whola*  The  Medulla  is  as  much  a  part  of 
the  Spinal  Chord  as  the  skull  is  a  part  of  the  cranio- 
spinal axis.  No  anatomist  now  finds  any  difficulty  in 
conceiving  how  the  various  separate  bones  which  con- 
stitute the  vertebral  column  may  differ  so  widely  in 
form,  as  at  one  end  to  become  a  taQ,  and  at  the  other 
a  skull ;  nor  does  he  for  an  instant  suppose  that  the 
properties  of  these  bones  differ  at  one  end  of  the 
colunm  and  the  other ;  nor  that  the  functions  or  uses 
of  these  bones — ^protecting  the  enclosed  nerve-centres, 
and  affording  attachment  to  muscles — are  not  funda- 
mentally similar.  A  man  would  incur  ridicule  if  he 
were  to  assert  that  the  osjrontis  was  essentially  unlike 
the  08  coccygis,  in  properties  as  bone.  Yet  men  do  not 
scruple  to  maintain  that  the  upper  part  of  the  Spinal 
Chord  has  the  property  of  Sensibility,  which  they  deny 
to  the  lower  part ;  although  the  difference  between  the 

*  If  any  one,  misled  by  certain  unimportant  differences,  is  inclined 
to  dispute  ibis  identity  of  tbe  Medulla  and  tbe  Cbord,  be  is  recom- 
mended to  study  tbe  oomparative  anatomy  of  tbe  oerebro-spinal  axis, 
and  be  wiU  find  on  reacbing  tbe  frog,  triton,  lizard,  and  probably  all 
other  reptiles,  tbat  all  trace  of  tbe  Medulla  as  a  distinct  orgtm  bas 
disappeared  :  it  is  tben  notbing  but  tbe  upper  part  of  tbe  cbord. 
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two  is  merely  one  of  form,  and  is  considerably  less 
than  the  difference  between  two  bonea  No  one  is 
bold  enough  to  assert  that  the  upper  part  of  a  muade 
is  contractile,  while  the  lower  part  is  not  so  at  all. 
Yet  this  is  really  very  little  more  than  asserting  that 
the  Medulla  has  sensibility,  but  the  Spinal  Chord  has 
none. 

Mr  Ghrainger  is  the  only  writer  whom  I  can  remem- 
ber to  have  avoided  this  grave  logical  error.  He  main- 
tains, and  justly,  that  the  difference  between  the 
Medulla  and  the  chord  is  one  of  degree  only,  not  of 
kind;  and  it  is  on  this  ground  that  he  denies  the 
Medulla  to  be  a  seat  of  sensation,  because  the  chord, 
he  thinks,  is  proved  not  to  be  sensitive.  I  hold  that 
both  are  seats  of  sensation ;  or  else,  as  he  says,  that 
neither  is. 

The  only  ground  for  denying  that  the  actions  of 
decapitated  animals  are  determined  by  sensation,  is 
because  the  Brain,  or  encephalon,  is  believed  to  be  the 
sole  seat  of  sensation.  To  explain  the  resemblance 
between  the  actions  of  animals  with  and  without  their 
brains,  a  theory  is  invented,  which  says  :  These  actions 
are  reflex ;  but  in  the  uninjured  animal  there  is  reflex- 
action  pliis  the  transmission  of  an  impression  to  the 
brain,  and  it  is  this  which  produces  sensation  ;  in  the 
headless  animal  we  see  reflex-action,  minus  the  trans- 
mission to  the  Brain. 

As  a  logical  deduction  from  the  assumption  that 
only  the  brain  can  be  the  seat  of  sensation,  this  theory 
is  perfect.    Unhappily  for  it,  the  facts  contradict  the 
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assumption ;  they  show  that  sensation  and  Tolition 
are  manifested  where  there  is  no  Brain.  Moreover, 
the  assumption  of  reflex-action  taking  place  without 
sensation,  is  made  on  a  false  analogy  of  the  vital 
mechanism  with  an  ordinary  mechanism.  When  facts 
show,  as  we  shall  presently  see,  that  decapitated  ani- 
mals manifest  the  same  kind  of  evidence  of  sensation 
and  volition,  as  is  manifested  by  the  same  animals 
with  their  heads  on,  the  assumption  that  they  cannot 
feel,  because  their  heads  are  off,  is  rather  arbitrary. 

A  gentleman  was  one  day  stoutly  asserting  that 
there  were  no  gold-fields  except  in  Mexico  and  Peru. 
A  nugget,  dug  up  in  California,  was  presented  to  him, 
as  evidence  against  his  positive  assertion.  He  was  not 
in  the  least  disconcerted.  "  This  metal,  sir,  is,  I  own, 
extremely  like  gold ;  and  you  tell  me  that  it  passes 
as  such  in  the  market,  having  been  declared  by  the 
assayers  to  be  undistinguishable  from  the  precious 
metal.  All  this  I  will  not  dispute.  Nevertheless,  the 
metal  is  not  gold,  but  auruminiwm ;  it  cannot  be 
gold,  because  gold  comes  only  from  Mexico  and  Peru.'' 
In  vain  was  he  informed  that  the  geological  formation 
was  similar  in  California  and  Peru,  and  the  metals 
similar ;  he  had  fixed  in  his  mind  the  conclusion  that 
gold  existed  (ndy  in  Mexico  and  Peru  :  this  was  a  law 
of  nature  ;  he  had  no  reasons  to  give  why  it  should  be 
so ;  but  such  had  been  the  admitted  fact  for  many 
years,  and  from  it  he  would  not  swerve.  He  was  not 
fond  of  newfangled  notions,  which,'  after  all,  would 
only  lead  us  back  to  the  exploded  errors  of  the  past. 
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To  accept  the  statement  that  gold  was  to  be  found 
elsewhere  than  in  Mexico  and  Pem,  would  be  to  retiim 
to  the  opinion  of  the  ancients,  who  thought  there  was 
gold  in  the  npper  regions  of  Tartary  ! 

Sensation  is  not  tangible,  assayable,  like  gold.  We 
.can  understand,  therefore,  that  the  very  men  who  would 
make  merry  with  the  auruminiumy  would  accept 
easily  such  a  phrase  as  ''  reflex-action."  The  decapi- 
tated animal  defends  itself  against  injury,  gets  out  of 
the  way  of  annoyances,  cleans  itself,  performs  many  of 
its  ordinary  actions,  but  is  said  to  do  these  things 
without  that  Sensibility  which,  if  its  head  were  on, 
would  guide  them.  Even  before  the  Beflex-Theoiy  was 
invented  this  line  of  argument  was  used.  Gall,  refer- 
ring  to  the  experiments  of  Sue,  previously  noticed, 
says  that  "  Sue  confounds  the  effects  of  Irritability  with 
those  of  Sensibility.''*  Not  gold,  dear  sir,  but  auru- 
miniwn  ! 

This  denial  of  sensation  to  the  decapitated  animal  is 
something  like  what  the  missionary  Williams  tells  us 
of  the  Fijian  philosophy.  The  body  of  a  dying  man  in 
Fiji  is  laid  out  several  hours  before  actual  death.  "  I 
have  known  one  take  food  afterwards ;  and  another 
who  lived  eighteen  hours  after.  All  this  time,  in  the 
opinion  of  a  Fijian,  the  man  was  dead.  Eating,  drink- 
ing, and  talking,  he  says,  are  the  involuntary  actions 
of  the  body — of  the  '  empty  shell,'  as  he  calls  it — the 
soul  having  taken  its  departura"  f 

*  Gall  et  Sfurzheim  :  Anat.  et  Physiol,  du  Syriime  iVerMicr,  L  83. 
t  Williams  :  Fiji  and  Ihe  Fifiaau^  i.  88. 
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3.  Ths  Inductive  Evidence, — ^We  have  now  to  con- 
sider the  proo&  famished  by  observation.  In  using 
the  word  proof,  as  applied  to  such  investigations,  we 
must  be  understood  as  implying  the  kind  of  proof 
which,  in  the  nature  of  things,  can  be  had,  and  not 
the  kind  of  proof  to  be  had  in  physics,  or  chemistry. 
Schiff  is  right  in  saying  that  no  demonstration  is  pos- 
sible in  such  cases.  Feeling  is  purely  subjective.  That 
others  feel,  as  we  feel,  is  to  us  a  matter  of  positive  con- 
viction, but  can  never  be  a  matter  of  demonstration. 
We  conclude,  that  other  men  feel  as  we  feel,  because 
they  act  as  we  act.  This  conclusion  is  extended  to 
animals :  the  resemblance  of  their  acts  to  our  own, 
under  similar  conditions,  forces  on  us  the  conviction 
that  they  also  resemble  us  in  feeling.  This  conclusion, 
although  purely  inductive,  is  so  strong  that  there  are 
few  theorists,  even  for  the  sake  of  a  theoiy,  who  can 
believe  animals  to  be  machines  destitute  of  all  sensa- 
tion. Nevertheless,  we  have  no  proof,  rigorously  speak- 
ing, that  any  animal  feels ;  none  that  any  human  being 
feels ;  we  condvde  that  men  feel,  from  certain  external 
manifestations,  which  resemble  our  own,  under  feel- 
ing ;  and  we  conclude  that  animals  feel — on  similar 
grounds. 

Now,  inasmuch  as  the  actions  of  animals  fiinush  us 
with  our  sole  evidence  for  the  belief  in  their  feeling,  and 
this  evidence  is  universally  considered  as  scientifically 
valid,  it  is  clear  that  similar  actions  in  decapitated  ani- 
mals will  be  equally  valid ;  and  when  I  speak  of  proof  it 
is  in  this  sense.    Spontaneity  and  choice  are  two  signs 


238  THE  HIND  AND   THE  BBAIK. 

which  we  all  accept  as  condiisiye  of  sensation  and 
volition.  The  dog  rising  from  the  ground,  and  walk- 
ing away,  not  being  caDed  or  driven  away,  is  justly 
supposed  to  manifest  spontaneity  and  volition.  He  is 
doubtless  moved  by  some  internal  stimulus,  of  sensa- 
tion or  idea ;  but  because  the  stimulus  is  not  external, 
we  call  the  action  spontaneous.  No  action  can  be  self- 
determined.  The  law  of  Causation  forces  us  to  assume 
that  every  action  is  preceded  by  same  stimulus,  inter- 
nal or  external  Without  entering  on  a  metaphysical 
discussion  of  spontaneity,  we  may  conveniently  dass 
all  actions  which  are  determined  by  some  internal 
stimulus,  sensational  or  ideational,  as  spontaneous^  in 
distinction  from  actions  determined  by  some  external 
stimulus :  the  dog  leaps  from  a  chair  qwntaneously ; 
but  when  pushed  from  it,  the  action  is  not  spon- 
taneous. 

Choice  is  another  sign  peculiar  to  conscious  oigan- 
isms.  In  a  mechanism,  without  sensation  to  determine 
its  actions,  there  is  absolute  uniformity:  the  same 
note  always  responds  to  the  same  key,  the  same  wheels 
are  set  going  in  the  same  order ;  there  is  no  suspen- 
sion of  one  course  of  action,  and  substitution  of 
another,  such  as  we  observe  in.  the  vital  mechanism. 
It  is  difficult  to  determine  what  choice  is,  but  if  we 
say  that  whenever  an  animal  brings  new  actions  into 
play,  to  accomplish  an  end  which  it  has  previously 
missed,  whenever  it  ceases  one  set  of  actions,  and  svih- 
stitutes  several  others,  until  a  successful  issue  is  reached, 
it  manifests  volition.     Indeed  this,  as  we  previously 
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saw,  constitutes  a  yoluntary  action.  Pldlosophers  have 
not  yet  agreed  on  the  nature  of  volition ;  but  all  men 
will  admit  that  when  they  observe  a  monkey,  who  has 
burnt  his  paws,  seize  an  unsuspecting  cat,  and  with 
her  paws  reach  the  chestnuts,  a  voluntary  action  is 
before  theuL  If  a  tickling  in  your  throat  excites  the 
action  of  coughing,  and  when  this  coughing  does  not 
succeed,  if  you  swallow  some  water,  this  choice  of 
new  means  is  assuredly  the  sign  of  a  voluntary  act. 

Thus,  escaping  from  all  metaphysical  ambiguities, 
we  may  assume  that  spontaneity  and  choice  are  two 
palpable  signs  by  which  to  recognise  the  presence  of 
sensation  and  volition.  Without  pretending  to  know 
what  takes  place  within  an  animal,  we  may  feel  confi- 
dent thair  if  its  actions  manifest  spontaneity  and  choice, 
they  are  not  the  mere  results  of  mechanical  adjust- 
ment, but  have  in  them  the  elements  of  sensation  and 
volition.  Our  task,  then,  is  to  ascertain  whether  ani* 
mals,  after  decapitation,  manifest  these  palpable  signs. 

It  is  emphatically  asserted  by  the  advocates  of  the 
Beflex-Theoiy  that  spontaneity  is  utterly  absent  in 
decapitated  animals.*  This  statement  I  have  already 
shown  to  be  erroneous  (p.  184) ;  but  I  will  here  add 
further  evidenca  I  decapitated  a  toad  and  a  triton ; 
and  merely  divided  the  spinal  chord  of  a  frog  and 
another  triton.  The  four  were  placed  in  the  same 
pan.  At  first  the  spontaneous  movements  of  the  deca- 
pitated pair  were  insignificant ;  but  on  the  second  day 
the  headless  toad  was  quite  as  lively  and  restless  as 

*  Mabshall  Hall  :  Ntw  Memoir,  35.    Grainger,  149. 
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the  &og  with  a  head ;  and  the  headless  triton  little 
less  80  than  his  companion  with  a  head.  I  have  at 
this  moment  a  frog  whose  chord  has  been  divided 
for  some  weeks :  he  remains  ahnost  immovable  unless 
touched ;  he  is  generally  foond  in  the  same  spot,  and 
in  the  same  attitude  to-day  as  yesterday,  unless  touched, 
or  the  table  is  shaken.  I  notice  that  he  occasionally 
moves  one  of  his  fore-legs;  occasionally  one  of  his 
hind-l^ ;  but  without  changing  his  position.  If  he 
were  headless,  this  quiescence  would  be  cited  as  a  proof 
of  the  absence  of  spontaneity ;  whereas  I  have  had 
a  headless  companion  with  him,  who  very  frequently 
moved  about 

It  should  be  observed  that  an  animal  without  its 
head  is  without  the  various  stimuli  which  can  be 
received  through  sight,  smell,  and  heating,  each  of 
which  will  determine  movements ;  it  is  therefore 
necessarily  quiescent,  unless  some  of  its  viscend  sen- 
sations stimulate  it  And  it  is  to  the  variety  of  states 
which  may  be  determined  by  changes  in  the  circu- 
lation, and  the  conditions  of  the  viscera,  that  the  great 
variety  in  the  actions  of  decapitated  animals  must 
be  attributed.  Some  never  move,  but  die  quietly  on 
the  spot  where  they  were  left ;  others  are  restless ; 
others  move  occasionally.  Nevertheless  I  affirm  that 
attentive  and  repeated  examination  of  decapitated  ani- 
mals will  furnish  abundant  evidence  of  spontaneous 
actioa* 

•  Landrt  :  Traia  det  Paralytie$,  p.  305,  also  beUeres  the  Spinal 
Chord  to  originate  spontaneoiu  moYements. 
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Let  ns  now  pass  on  to  dtoice.  Place  a  child  of  two 
or  three  years  old  npon  his  back,  and  tickle  his  right 
cheek  with  a  feather.  He  will  probably  move  his  head 
away.  Continue  tickling,  and  he  will  rub  the  spot 
with  his  right  hand,  never  nsing  the  left  hand  for  the 
right  cheek,  so  long  as  the  right  hand  is  free ;  but  if 
you  hold  his  right  hand,  he  will  use  the  left.  Does 
any  one  dispute  the  voluntary  character  of  these 
actions? 

*  Now  contrast  the  actions  of  the  sleeping  child  under 
similar  circumstances,  and  their  sequence  will  be  pre- 
cisely similar.  This  contrast  is  the  more  illustrative, 
because  physiologists  generally  assume  that  in  sleep 
consciousness  and  volition  are  suspended.  "  The  brain 
sleeps,  the  spinal  chord  never ;  volition  and  sensation 
may  be  suspended,  but  not  reflex-action."  This  pro- 
position is  extremely  questionable ;  yet  it  is  indispen- 
sable to  the  reflex-theory ;  because  unless  sensation  and 
volition  are  suspended  during  sleep,  we  must  admit 
that  they  can  act,  without  at  the  same  time  calling 
into  activity  that  cerebral  sensibility,  which,  in  ordi- 
nary language,  is  supposed  to  constitute  all  conscious- 
ness. The  child  moves  in  his  sleep,  defends  himself 
in  his  sleep ;  but  he  is  not  **  aware"  of  it :  that  is  to 
Hay,  the  actions  are  not  combined  with  those  cerebral 
sensibilities,  which  would  come  into  play  in  waking 
moments.  The  spinal  sensibility  acts  without  the 
cerebral  sensibility ;  but  the  actions  are  nevertheless 
determined  by  sensation  and  volition. 

"  Children,**  says  Pfluger,  "  sleep  more  soundly  than 
VOL.  It  T 
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adoltSy  and  seem  to  be  more  aensitiYe  in  deep.  I 
tickled  the  right  nostril  of  a  t2iree-year*old  boy.  He 
at  once  raiaed  his  right  hand  to  posh  me  aivay,  and 
then  robbed  the  place.  When  I  ticUad  his  left  nos- 
tril he  raised  the  left  hand.  I  then  softly  diew  both 
arms  down,  and  kid  them  dose  to  the  body,  imbed- 
ding the  left  ann  in  the  clothes,  and  phMung  on  it 
a  pillow,  by  gentle  piessore  on  whidi  I  conld  keep 
the  arm  down  withont  awakening  him.  Having  done 
this  I  tickled  his  left  nostril  He  at  once  began  to 
move  the  imprisoned  aim,  bat  could  not  reach  his  £m» 
with  it^  because  I  held  it  firmly  though  gently  down. 
He  now  drew  his  head  aside,  and  I  continaed  tickling, 
whereupon  he  raised  the  right  hand,  and  with  it  rob- 
bed the  Ufi  nostril — an  action  he  never  performed 
when  the  left  hand  was  fse^" 

This  simple  but  ingenious  experiment  estabhshes 
one  important  point,  namely,  that  the  so-called  reflex- 
actions  observed  in  sleep  are  determined  by  s^isaticm 
and  Tolition.  The  sleeping  diild  behaves  exactly  as 
the  waking  child  behaved;  the  only  difference  being  in 
the  energy  and  rapidity  of  the  actiona  If  the  waking 
child  felt  and  willed,  surely  the  sleeping  child,  when  it 
performed  predsdy  similar  actions,  cannot  be  said  to 
have  felt  nothing,  willed  nothing?  It  is  not  at  on^ 
moment  a  conscions  organism,  and  at  the  next  ui 
miconscions  mechanism. 

It  is  possible  to  meet  this  case  by  «i38nming  that 
the  child  was  nearly  awake,  and  that  a  dim  oonsdons- 
ness  was  aroused  by  the  tickling,  so  that  the  cerebral 
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activity  was  in  fact  awakened  Bat,  plansible  as  this 
explanation  may  be,  it  altogether  fails  when  we  come 
to  experiments  on  decapitated  animala  If  any  one 
will  institute  a  series  of  such  experiments,  taking  care 
to  compare  the  actions  of  the  animal  before  and  after 
decapitation,  he  will  perceive  that  there  is  no  more 
difference  between  them  than  between  those  of  the 
sleeping  and  the  waking  child* 

The  following  may  serve  as  a  sample :  I  placed  a 
large  and  very  vigorous  triton  in  an  empty  cigar-box, 
and  noted  down  in  my  note-book  the  various  actions 
it  performed  After  running  about,  and  vainly  try- 
ing to  escape,  it  seemed  to  resign  itself  to  its  prison, 
and  with  the  apathy  characteristic  of  these  creatures, 
remained  quite  motionless  for  some  time.  While  thus 
resting,  it  occasionally  moved  its  taH,  or  raised  its 
head,  and  turned  it  round.  TJien  it  took  a  single 
step  forwards,  and  stood  still  again.  It  then  moved 
three  steps  forward,  and  rested  I  touched  its  foot 
gently  with  the  scissors,  and  the  foot  was  slowly  with- 
drawn, but  the  animal  never  moved  I  touched  it 
three  times  rapidly,  but  gently,  and  this  produced  a 
slow  crawL    I  pressed  the  scissors,  and  it  at  once 

*  It  is  better  dmply  to  remoye  the  brain,  than  to  remove  the  whole 
head,  which  causes  a  serious  loss  of  blood.  An  etherised  animal  may 
be  ofierated  on  with  ease  and  acouraoy.  For  many  experiments,  mere 
division  of  the  spinal  chord  is  better  than  decapitation.  Great  varia- 
tions in  the  results  must  be  ezpeKsted,  because  the  condition  of  the 
animal,  its  age  and  sex— whether  fasting  or  digesting— whether  the 
season  be  spring  or  summer— and  a  hundred  other  causes,  complicate 
the  experiment. 
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started  off  in  a  rapid  tuil  I  next  touchGd  its  flank 
with  acetic  add.  It  ran  about  manifestiiig  great  dis- 
comfort, bat  showed  no  intention  of  rubbing  the  acid 
away  with  its  foot — as  the  frog  always 


it  seemed  as  im2tble  to  protect  itself  against  the 
unpleasant  sensation,  as  a  baby  is  when  a  needle  in 
its  frock  is  pricking  it :  the  pain  produced  a  general 
agitaiion,  but  no  voluntaiy  act  At  length,  however, 
on  a  second  application  of  acid,  while  running  about, 
its  flank  came  accidentally  in  contact  with  the  side  of 
the  box,  and  the  sensation  seemed  to  guide  the  animal 
to  a  voluntary  act,  for  it  now  continued  auwling 
along,  rubbing  its  flank  against  the  rough  wood,  until 
the  acid  was  all  rubbed  off,  or  the  sensation  bad 
abated.  Here  was  the  link  of  feeling — ^the  contin- 
uance of  an  action  once  begun  —  which  we  have 
already  seen  to  characterise  voluntary  actions. 

I  now  cut  off  its  head,  at  the  articulation  of  tiie 
occiput  with  the  atlas,  sparing  the  lower  jaw,  to  savs 
the  loss  of  blood.  It  dropped  on  the  left  sidet,  with 
the  fore-legs  pressed  close  to  its  body.  Three»and* 
twenty  minutes  after  the  operation,  it  began  to  move 
the  left  hind-leg  feebly;  still,  however,  lying  on  its 
side.  Four  minutes  after,  the  right  leg  began  to  move. 
Presently  it  rose  on  all  fours,  and  turned  round  the 
remnant  of  its  head,  raising  it  also  in  the  air,  as  if  seek- 
ing something.  It  then  relapsed  into  motionlessnessL 
After  eighteen  minutes  of  rest  it  once  more  raised  neck 
and  shoulders,  and  began  to  move  forward.  After 
a  pause  the  tail  began  to  move  backwards  and  forwards. 
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It  then  crawled  two  steps.  Finally  its  moTements 
became  sufficiently  energetic  for  it  to  crawl  a  distance 
of  two  inches  without  pausing.  Having  allowed  it  to 
recover  itself,  I  repeated  the  tests  of  sensibility,  which 
had  been  employed  before  decapitation.  The  reactions 
were  precisely  similar.  When  the  foot  was  gently 
touched,  it  was  languidly  withdrawn ;  when  irritated, 
the  animal  moved ;  when  the  foot  was  pressed  on  by 
the  scissors,  an  energetic  movement  followed ;  and 
when,  acetic  acid  was  applied,  the  animal  almost  ran. 
I  now  waited  half  an  hour,  and  then  touched  its  flank 
with  aeetie  add ;  as  on  the  former  occasion,  this  made 
it  very  agitated ;  but  its  movements  were  disorderly, 
and  helpless.  In  vain  I  watched,  expecting  to  see  it 
rub  its  flank  against  the  side  of  the  box ;  it  curled 
itself  in  the  centre,  and  there  writhed.  I  now  gently 
pushed  it  towards  the  side,  but  it  remained  motionless ; 
when,  however,  I  slowly  pushed  it  forwards,  so  that  its 
flank  might  rub  the  side,  the  "sensational  link''  seemed 
established,  for  the  animal  now  crawled  slowly  along, 
pausing  at  intervab,  its  body  curved  inwards  towards 
the  wood,  and  thus  rubbed  the  add  away.* 

The  evidence  of  spontaneity  and  choice,  of  sensibil- 
ity and  volition,  is  unmistakable  in  the  foregoing  case. 
Even  more  striking  is  the  following  experiment,  devised 
by  Pfliiger,  which  I  have  verified,  and  varied,  many 
times  :  A  frog  is  decapitated,  or,  better  still,  its  brain 

*  This  was  the  only  triton  I  ever  observed  to  g<et  rid  of  the  acid  by 
rubbing  its  body  against  anything  accidentally  coming  in  contact  with 
it ;  but  this  one  did  so  almost  as  well  without  as  with  its  head. 
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IB  removed  When  it  has  recovered  from  the  effect  of 
the  ether,  and  manifests  lively  sensibility,  we  place  it 
on  its  back,  and  touch,  with  acetic  acid,  the  skin  of  its 
thigh  (just  above  the  condylus  intemus  femaris).  Let 
the  reader  imagine  his  own  shoulder  burnt  at  the  point 
where  it  can  be  reached  with  the  thumb  of  the  same 
arm,  and  he  will  realise  the  operation.  No  sooner  does 
the  acid  begin  to  bum,  than  the  fix)g  stretches  out  the 
other  leg,  so  that  its  body  is  somewhat  drawn  towards 
it.  The  leg  that  has  be^i  burnt  is  now  bent,  and  the 
back  of  the  foot  is  applied  to  the  spot,  rubbing  the  acid 
away— just  as  your  thumb  might  mb  your  shoulder. 
This  is  very  like  the  action  of  the  tickled  child,  who 
always  uses  the  right  hand  to  rub  the  right  cheek,  un- 
less it  be  held ;  but  when  the  child's  right  hand  is  pre- 
vented from  rubbing,  the  left  will  be  employed ;  and 
precisely  this  do  we  observe  with  the  brainless  frog : 
prevent  it  from  using  its  right  leg,  and  it  will  use  its 
left! 

To  show  this  we  decapitate  another  firog,  and  cut  off 
the  foot  of  the  leg  we  are  to  irritate.  No  sooner  is  the 
acid  applied,  than  the  leg  is  bent  as  before,  and  the 
stump  is  moyed  to  and  fro,  as  if  to  rub  away  the  acid. 
But  the  acid  is  not  rubbed  away,  and  the  animal  be- 
comes restless,  as  if  tiying  to  hit  upon  some  oth^ 
plan  for  freeing  himself  of  the  irritation.  And  it  is 
worthy  of  remark  that  he  often  hits  upon  plans  very 
similar  to  those  which  an  intelligent  human  being 
adopts  under  similar  circumstaQce&  Thus,  the  irrita- 
tion continuing,  he  will  sometimes  cease  the  vain  efforts 
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with  his  stump,  and  stretching  that  leg  straight  out, 
bends  the  otiier  leg  over  towards  the  irritated  spot,  and 
rubs  the  acid  away.  But,  to  show  how  far  this  action 
is  Irom  one  of  unconsdous  mechanism,  how  fiir  it  is 
from  being  a  direct  reflex  of  an  impression  on  a  group 
of  muscles,  the  frog  does  not  always  hit  even  on  this 
plan.  Sometimes  it  bends  its  irritated  leg  more  ener- 
getically, and  likewise  bends  the  body  towards  it,  so  as 
to  permit  the  spot  to  be  rubbed  against  the  flank— just 
as  the  child,  when  both  his  hands  are  held,  will  bend 
his  cheek  towards  his  shoulder  and  rub  it  there. 

It  is  difficult  to  resist  such  evidence  of  choice  as  is 
here  manifested.  The  brainless  frog  chooses  a  new 
plan  when  the  old  one  faQs,  just  as  the  waking  child 
choosea  And  an  illustration  of  how  sensations  guide 
and  determine  movements,  may  be  seen  in  another  ob- 
servation of  the  brainless  frog,  when,  as  often  happens, 
it  does  not  hit  upon  either  of  the  plans  just  mentioned, 
but  remains  apparently  restless  and  helpless ;  if  under 
these  circumstances  we  perform  a  part  of  the  action 
for  it,  it  will  complete  what  we  have  begun :  if  we  rub 
the  irritated  leg,  at  some  distance  from  the  spot  where 
the  acid  is,  with  the  foot  of  the  other,  the  frog  sud- 
denly avails  itself  of  this  guiding  sensation,  and  at 
once  directs  its  foot  to  the  irritated  spot. 

In  these  experiments  on  the  triton  and  the  frog,  the 
evidence  of  sensation  and  volition  is  all  the  stronger, 
because  the  reactions  produced  by  irritations  are  not 
uniform.  If  when  a  decapitated  animal  were  stimu- 
lated it  always  reacted  in  precisely  the  same  way,  and 
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never  choee  new  means  an.  the  £suliire  of  the  dd,  it 
would  be  concdvable  to  attribate  the  results  to  simple 
reflez-acfcioii — i.  e.,  the  mechanical  transCorenoe  of  an 
impulse  along  a  prescribed  path.  It  is  possible  so  to 
conceiye  the  breathing,  or  the  swaUowing  mechanism : 
the  impression  may  be  directly  reflected  on  certain 
groups  of  muscles.  But  I  cannot  conceive  a  machine 
suddenly  striking  out  new  methods,  when  the  dd 
methods  £aiL  I  cannot  conceive  a  machine  thrown 
into  disorder  when  its  accustomed  actions  £ail,  and  in 
this  disorder  suddenly  lighting  upon  an  action  likely 
to  succeed,  and  continuing  that;  but  I  can  conceive 
this  to  be  done  by  an  organism,  for  my  own  experience 
and  observation  of  animals  assures  me  that  this  is' 
always  the  way  new  lines  of  action  are  adopted  (see 
p.  209).  And  this  which  is  observed  of  the  sentient, 
conscious  animal,  I  have  just  shown  to  be  observed  of 
the  brainless  animal ;  wherefore  the  conclusion  is,  that 
if  ever  the  &og  is  sentient,  if  ever  its  actions  are  guided 
by  sensation,  they  are  so  when  its  brain  is  removed. 
Ergo  the  Spinal  Chord  is  a  sentient  centre. 

Schroeder  van  der  Kolk  thinks  that  Pfliiger  was 
deceived  in  attributing  sensation  and  volition  to  the 
frog,  because  the  reflex-actions  are,  he  says,  so  nicely 
adapted  to  their  ends,  that  they  are  undistinguishable 
from  voluntary  actions.  The  mechanism  is  such  that, 
by  means  of  the  communications  established  between 
various  groups  of  cells,  all  these  actions  adapted  to  an 
end  may  be  excited  by  every  stimulus.  But  I  deny 
the  fact.     I  deny  that  all  the  actions  are  awakened 
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by  every  stimulua  Only  some  few  axe  awakened,  ajid 
those  are  not  always  the  same,  nor  do  they  follow 
the  same  order  of  succession.  One  decapitated  frog 
does  not  behave  exaetly  like  another;  does  not  be- 
have exactly  like  himself  on  different  occasions ;  but,  on 
the  contrary,  exhibits  great  variety  in  his  actions; 
and,  above  all,  exhibits  spontaneity  and  choice  in  his 
actions. 

For  a  proper  comparison  of  cerebral  with  spinal 
sensibility,  the  following  experiment  is  well  adapted : 
I  divided  the  spinal  chord  of  a  triton  as  at  Fig.  62. 

Pig.  62. 


Triton  with  Spinal  Chord  divided. 

Had  a  physiologist  been  present,  when  the  animal 
recovered,  he  would  have  noticed,,  as  a  confirmation 
of  the  reflex-theory,  that  when  the  animal  crawled,  it 
dragged  its  hinder  legs,  and  indeed  the  whole  of  the 
segment  B,  like  a  log  after  it ;  yet  when  the  segment 
B  was  touched,  the  tail,  or  legs,  moved.  "  Here,''  he 
would  say,*  "  you  perceive  all  voluntaiy  movement  in 
segment  B  is  paralysed ;  it  no  longer  responds  to  the 
mandates  of  the  brain;  yet  its  reflex-action  is  not 

*  Compare  Flourens  :  Bechtrckes,  p.  50. 
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destroyed ;  prick  it,  and  this  s^ment^  inoompefeent  to 
obey  tbe  will,  obeys  the  laws  of  reAex-actioii,  and 
moves.  An  sensibiKty,  joa  perceiTe,  bas  departed 
6om  s^ment  B.  In  yain  yon  prick  or  born  it ;  the 
animal  feels  nodiing,  as  yon  assure  yomself  by  notic- 
ing the  complete  stillness  of  the  s^ment  A." 

These  aigoments,  which  may  be  fonnd  in  nnmber- 
less  treatises,  seem  victorionsly  oondnsiye,  till  we  dis- 
coyer  the  bSlacy  inyolved  in  them.  The  ceiebro-fipinal 
axis  is  a  compound  coitre :  it  is  one,  only  in  the  sense 
that  a  goyemment  or  anny  is  one :  it  is  the  nnion  of 
several  individual  centres.  When  that  axis  is  divided, 
the  effective  unity  is  destroyed :  instead  of  one  centre, 
two  centres  are  established ;  and  these  two,  being  no 
longer  united,  cannot  act  in  uni<Hi,  but  must  act 
sqMrately.  The  limbs  of  A  will  obqr  the  volition  of 
A,  but  not  the  volition  of  B,  with  which  they  are  no 
longer  united.  Nor  will  the  limbs  of  B  obey  the  voli- 
tion of  A.  There  is  no  longer  one  seat  of  govenunent, 
but  two  seats.  There  has  been  a  "repeal  of  the 
union."  Parliament  sits  in  Dublin,  as  well  as  in 
Westminster. 

Let  us,  with  this  new  light,  examine  the  pheno- 
mena. When  we  irritate  the  s^ment  A,  the  animal 
crawls ;  but  in  crawling,  it  is  only  A  that  is  active ; 
B  is  dragged  along,  does  not  voluntarily  move  Why 
should  it  move,  unless  it  felt  a  stimulus  ?  But  we  irri- 
tate segment  B,  which  five  minutes  ago  seemed  so 
lifeless,  so  incapable  of  voluntary  mov^nent ;  and 
instantly  the  1^  of  B  begin  the  crawling  action, 
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while  A  remains  perfectly  motionless.  The  body  of 
the  animal  is  moved  sidewayi),  and  not  forwards, 
because  the  quiescence  of  the  head  and  shoulders  ren- 
ders forward  motion  impossible.  Still  the  indifference 
of  A  to  a  stimulus  applied  to  B,  is  as  great  as  the 
indifference  of  B  formerly  was  to  the  stimulus  applied 
to  A  If  the  tail-end  was  said  to  be  depriyed  of  volun- 
tary motion  and  sensibility,  because  it  was  separated 
from  the  brain,  and  would  not  feel  with  or  act  with 
the  fore-part  of  the  body ;  so  must  we  now  say,  that 
the  fore-part  of  the  body  is  deprived  of  voluntary 
motion  and  sensibility,  since  it  will  not  act  with,  or 
feel  with,  the  tail-end. 

In  fact,  division  of  the  oerebro-spinal  axis  is  tanta- 
mount to  a  division  of  the  animal  into  two  halves ; 
and  each  half  obeys  its  own  nerve-centres.  The  sol- 
diers under  Cromwell  do  not  obey  the  orders  of 
Rupert,  nor  do  those  under  Rupert  obey  the  orders  of 
Cromwell.  But  the  soldiers  of  each  army  obey  their 
respective  generals.  It  is  thus  with  the  triton  whose 
chord  has  been  divided:  each  half  moves  when  irri- 
tated, and  each  moves  independently  of  the  other. 
The  tail-end  gives  precisely  the  same  indication  of 
sensibility,  whether  united  with  the  brain,  or  separated 
from  it ;  and  it  gives  precisely  the  same  indication  as 
the  brain-end  gives. 

If  the  triton  be  watched  for  weeks,  the  truth  of 
this  will  become  irresistible.  Although  the  animal  is 
generally  quiet,  it  moves  spontaneously  the  segment  A, 
and  the  segment  B ;  hut  never  together.    If  a  lighted 
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taper  be  bronglit  near  segment  A,  tiie  fore-legs  set  to 
work,  and  the  s^ment  crawls,  dragging  B  after  it 
If  the  taper  be  brought  near  B,  the  hind-l^s  set  to 
work,  and  the  s^ment  moves  sideways.  K  the  tail  be 
touched  or  gently  pinched,  it  curls  up ;  if  the  hind-leg 
be  touched,  it  is  raised  in  the  air ;  but  A  feels  nothing 
of  this,  and  therefore  does  not  mova 

It  should  be  observed  that  similar  fisbcts  have  long 
been  known ;  but  since  the  Beflez-Theory  has  been 
established  they  have  been  misinterpreted;  and  even 
before  that  epoch,  the  prejudice  in  favour  of  the  Brain 
as  the  sole  centre  of  volition,  was  so  strong,  that 
Mr  Mayo  could  thus  write : — ^'  The  physiologiod  expe- 
riment of  making  separate  nervous  centres,  by  division 
of  the  spinal  marrow,  admits  of  explanation,  on  sup- 
posing the  principle  of  volition  to  continue  for  a  short 
period  extended  to  the  portions  separated  firom  the 
brain ;  a  conjecture  consistent  with,  peihaps,  but  fiu- 
from  established  by,  the  very  curious  fiEust,  that  the 
convulsive  movement  of  the  leg  of  an  animal  thus 
circumstanced,  when  the  sole  of  the  foot  is  irritated, 
is  accurately  the  gesture  which  the  animal  employs 
when,  in  undisputed  possession  of  sensation,  it  retracts 
its  limb  from  a  similar  aggression,  and  not,  to  appear- 
ance at  least,  a  mere  convulsive  throe.''  *  The  expla- 
nation falls  to  the  ground,  when  we  learn  that  the 
same  phenomena  are  exhibited  weeks  and  months  after 
division  of  the  chord. 

Among  my  notes  of  observation  there  is  remarkable 

*  Mato  :  AwU.  and  Pkyt,  ComtfimUiries,  1823,  part  ii.  p.  19. 
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evidence  of  volition  in  the  tail-half  of  a  triton  whose 
chord  had  been  divided.  It  was  lying,  high  and  diy, 
in  the  wooden  bowl  in  which  it  was  usually  kept,  the 
small  amount  of  water  having  almost  entirely  evapor- 
ated. I  poured  in  a  little  water,  slowly.  In  a  few 
seconds  after  the  water  had  reached  the  tail  and  one 
of  the  hind-feet,  the  whole  segment  B  began  to  move, 
the  legs  were  slowly  raised,  as  for  crawling,  the  back 
•elevated,  and  thus  the  segment  sidled  into  the  water — 
the  segment  A  remaining  perfectly  motionless  all  this 
time.  The  volitional  character  of  this  action  was  the 
more  evident,  because,  had  the  act  been  purely  reflex, 
excited  by  contact  with  the  water,  and  not  by  a  sensa- 
tion, it  would  always  occur  when  water  touched  the 
skin,  whereas  I  had  several  tunes  before  added  water, 
when  the  triton  was  lying  high  and  dry,  but  never 
before  did  it  seek  the  water  with  its  hinder  segment 

Once  clearly  apprehend  the  principle  here  expounded, 
namely,  that  division  of  the  chord  produces  two  inde- 
pendent centres,  and  aU  the  recorded  facts  of  experi- 
ment and  pathology  receive  a  simple  explanation.  Mr 
Grainger  records  the  results  of  two  experiments  which 
deserve  mention  hera  He  removed  a  portion  of  the 
chord  in  a  very  young  rabbit :  "  The  peculiar  fact  no- 
ticed was  that  from  time  to  time,  without  any  stimvlus 
being  applied,  the  hind-legs  were  forcibly  and  repeatedly 
thrown  back,  a^  if  the  animal  were  rtmning  quickly; 
whilst  atthese  times  the fore-limbs,which  were  still  under 
the  control  of  the  animal,  remained  motionless.  These 
movements  were  so  decided  and  so  long  continued,  that 
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it  would  bare  been  difficnlt  to  hare  rejeeted  the  idea 
of  senflation  and  Yolition  still  remaining  in  the  hinder- 
part  of  the  body,  if" — and  here  the  reader  is  particu- 
larly requested  to  follow  the  reasoning — ^"  if  it  had  not 
been  distinctly  obserred  that  when  the  same  animal 
attempted  to  walk  it  eonld  only  move  its  two  fore- 
legs ;  by  whose  power  the  hinder  ones  and  tihe  trunk 
below  the  diTision  of  the  chord,  which  were  perfectly 
motionless,  were  dragged  along  the  table/'  * 

Surely  the  reader  will  agree  with  me  that  the  &ct8 
by  no  means  bear  out  this  inference  ?  If,  as  we  ha^e 
stated,  diTidon  of  the  chord  establishes  two  independr 
ent  centres,  we  can  no  longer  expect  these  to  act  in 
umson.  When  the  hind-legs  were  agitated,  the  fore- 
1^  were  motionless ;  when  the  fore-1^  moved,  the 
hind-legs  were  motionless.  After  relating  other  similar 
experiments,  Mr  Grainger  insists  on  the  motionlessness 
of  the  hinder  limbs,  adding,  "  Now,  as  the  yeiy  idea 
of  yolition  implies  a  perfect  control  over  any  mnsde 
which  an  animal  may  wish  to  stimulate,  this  utter 
want  of  such  power  is  the  most  dedsiTe  proof  which 
could  be  adduced  to  show  that  in  this  and  similar 
cases  the  empire  of  the  will  was  destroyed  by  the 
section  of  the  chord."  f 

This  dedsire  proof,  however,  rests,  I  think,  on  a 
misconceptioa  The  animal  is  spoken  of  as  if  its 
organic  integrity  remained  after  division  of  its  chord ; 

*  Orainqeb,  p.  55. 

t  Compare  also  Mabshall  Hall  :  PhUot.  Tram.,  1888,  p.  650» 
whore  a  similar  fact  ia  adduced  aa  dednye. 
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wliereas,  as  we  have  seen,  diYision  of  the  choid  is 
equivalent  to  cutting  the  animal  in  two ;  and  no  one 
would  expect  the  muscles  of  the  separated  half  to  move 
in  obedience  to  the  brain  firom  which  it  was  separated. 
The  body  of  an  animal  with  a  divided  chord  may  still 
be  one>  inasmuch  as  it  is  nourished  with  the  same 
food,  and  sustained  by  the  same  circulation ;  but  the 
nervous  mechaniffln  is  no  longer  one;  and  each  half 
of  the  body  is  regulated  by  its  own  centres. 

To  prove  this,  I  performed  the  following  experiment. 
A  tiiton,  whose  chord  had  been  divided  some  weeks, 
was  completely  cut  in  two.  The  head-half  immediately 
began  crawling  away  with  great  activity;  which,  as 
this  half  contained  the  heart,  and  almost  all  the  viscera, 
was  not  surprising.  The  taU-half  remained  for  some 
time  in  a  standing  posture,  and  then  began  to  crawl 
forward.  After  three  steps  it  paused ;  remained  quiet 
during  five  minutes,  and  began  agaia,  but  feebly.  The 
tail  moved  q>ontaneously,  but  with  great  slownesa 
When  it  was  touched,  both  tail  and  legs  moved.  I 
then  placed  it  under  a  glass,  with  a  moistened  sponge 
inside,  to  prevent  evaporation  from  the  skin,  and  left  it 
there  for  two  hours,  watching  its  spontaneous,  though 
very  languid,  movements. 

If  any  reader  remains  still  unconvinced,  I  can  only 
recommend  him  to  divide  the  spinal  chord  of  a  frog  a 
little  below  the  shoulders,  and  keep  the  animal  for 
some  days  or  weeks,*  watching  it,  and  testing  its  Sen- 

*  Care  must  be  taken  to  preyent  water  getting  to  the  chord,  as  that 
soon  kiUs  the  animal 
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sibility.  The  evidences  of  spontaneous  action,  md  of 
sensation,  exhibited  by  both  halyes,  the  one  no  less 
than  the  other,  will  have  more  weight  than  images  of 
argument  Marshall  Hall  had  observed  some  of  diese 
evidences,  observed  the  decapitated  animal  defending 
itself  variously  against  various  irritants,  but  his  inter" 
prettxtion  of  what  he  observed,  is  not,  perhaps,  the 
most  convincing  of  inferences  :  ''  The  design  in  all  this 
is  obvious,''  he  says ;  "but  is  it  design  in  the  decapi- 
tated or  divided  animal?  Certainly  not;  but  of  its 
omniscient  Creator !  It  coincides  with  what  would 
be  design  in  the  animal."  *  Now  of  two  things^  one : 
either  every  act  in  an  animal  must  be  the  design  of  its 
Creator :  in  which  case  sensation  and  volition  cannot 
endow  the  actions  of  the  perfect  animal  vrith  a  design 
already  endowed ;  or  dse  the  Creator  has  designed 
none  of  these  actions,  but  only  designed  that  a  sensi- 
tive mechanism  shall  execute  them :  in  which  case  the 
actions  of  the  perfect  and  the  decapitated  animal 
being  found  to  coincide — being,  indeed,  undistrngoish- 
able  by  us — what  ground  have  we  for  aftsuming  that 
they  are  not  the  results  of  similar  causes  ? 

This  flying  to  design  for  refuge,  merely  to  save  an 
assumption,  reminds  me  of  objections  which  have 
sometimes  been  made  in  private.  When  I  have  nar- 
rated the  experiments  on  the  decapitated  frog,  I  have 
been  told  that  the  frog  whose  foot  had  been  ampu- 
tated, and  who  therefore  had  recourse  to  other  means  to 
get  rid  of  the  acid,/e!^  nothing :  "  He  did  it  all  from 

*  yew  Memoir,  p.  81. 
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habit.  It  was  instinct"  If  frogs  ore  in  tlie  habit  of 
being  irritated  by  drops  of  acetic  acid,  and  are  in  the 
habit  of  having  their  feet  amputated,  which  teaches 
them  to  seek  other  means  of  escape,  all  I  can  say  is, 
that  their  education  takes  place  in  other  ponds  than 
those  I  haye  dredged.  Schroeder  van  der  Eolk  refers 
to  some  experiments  by  Szokalski,  on  puppies  and 
young  rabbits,  from  which  the  brain— t.  e.,  the  cerebrum, 
cerebellum,  the  corpora  quadrigemina,  optic  thalami, 
and  corpora  striata — had  been  removed ;  these  animals 
cried  out  when  their  t-ails  were  pinched,  rubbed  their 
noses  when  acids  were  applied,  and  made  swallowing 
movements  when  bitters  were  placed  in  their  moutha 
**  Szokalski  thinks  these  were  instinctive  rather  than 
reflex  actions,'*  says  Schroeder,  "  but  in  this  I  cannot 
agree  with  him.''  What  was  meant  by  the  word  in- 
stinctive we  are  left  to  guess ;  but  if  sensation  is  ex- 
cluded from  instinct,  and  if  sensation  is  excluded  from 
actions  such  as  those  of  the  brainless  puppy  and  rabbit, 
I  know  not  what  evidence  of  sensation  can  be  enter- 
tained. 

It  is  maintained  by  many  writers  that  the  actions  of 
walking  and  swimming  are  reflex — due  solely  to  the 
contact  of  the  sole  of  the  foot  with  the  ground  in 
walking,  and  the  contact  of  the  skin  with  the  water  in 
swimming.  The  impression  of  this  contact  is  reflected 
on  the  muscles ;  but  no  sensation  originates,  or  guides 
the  actions.  My  experiments  do  not  confirm  this. 
When  I  touched  the  segment  A  (Fig.  61)  of  the  triton, 
it  dragged  the  segment  B  after  it ;  but  although  in  the 

VOL.  II.  u 
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dragging  the  feet  of  B  were  nibbed  along  the  soifiioe; 
they  very  larely  set  going  the  walking  actions :  some- 
times they  did  so  ;  but  contact  was  by  no  means  soffit 
cient  to  excUe  this  action  ;  whereas  during  thdr  tran- 
sit, while  they  were  being  dragged  like  paralysed  limfas^ 
a  prick,  or  a  pinch,  immediately  ronsed  them  into 
walking  movementa  I  placed  a  fit^,  with  divided 
chord,  in  a  pan  of  water ;  the  fore-1^  immediately  set 
going  an  energetic  swimming  action,  but  the  hind*leg8 
remained  motionless,  alihongh  thq^  too  were  in  oontaet 
with  the  water,  and  the  impression  onght  to  have  been 
reflected  on  their  mnsdes.  I  then  decapitated  another 
frog:  on  being  thrown  into  the  water  it  swam  vigor- 
ously with bothfore  andhind  l^g&  Presentiy  it  ceased 
swimming,  and  floated  quietiy  on  the  surface ;  but  on 
being  touched  again  began  swimming.  This  was  re- 
peated many  time&  It  shows  that  mere  contact  of 
the  water  is  not  enough  to  excite  swimming  acticms ; 
whereas  a  sensation  is  enough.  CSlaude  Bernard  found 
that  a  frog,  whose  akin  had  been  removed  firom  all  its 
legs,  swam  as  well  as  before.  But  when  the  whole 
skin  had  been  removed,  I  found'the  firpg  capaile,  in- 
deed, of  swimming,  since  its  power  of  muscular  adjust* 
ment  was  unafiected,  but  making  no  attempt  to  swim. 
These  observations  respecting  the  sensibility  of  the 
Spinal  Chord  may  be  closed  with  the  following  fiict 
recorded  by  Volkmann.  Young  rabbits  and  puppies 
when  taken  from  their  mothers,  manifest  their  discom- 
fort by  restiess  movements;  the  puppies  also  whina 
No  one  doubts  that  sensation  is  present  in  such  case& 
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Now,  if  the  brain  be  removed  from  rabbits  and  puppies, 
precisely  similar  phenomena  are  observed,  when  these 
yonng  animals  are  taken  fiY>m  their  mother&  "  I  ob- 
served the  motions,  which  seemed  the  result  of  discom- 
fort»  quickly  cease  when  I  warmed  the  young  rabbit 
by  breathing  on  it  After  a  while  it  was  completely 
at  rest,  and  seemed  sunk  in  deep  sleep ;  occasionally, 
however,  it  moved  one  of  its  legs  without  any  external 
stimulus  having  been  applied,  and  this  not  spasmodic- 
ally, but  in  the  manner  of  a  sleeping  animal."  *  Is 
this  cessation  of  the  restlessness,  when  warmth  is 
restored,  not  evidence  of  sensation  ?  We  see  an  infant 
restless,  struggling,  and  squalling ;  and  we  believe  that 
it  is  hungry,  or  that  some  other  sensations  agitate  it ; 
it  is  put  to  the  breast,  and  its  squalls  subside ;  or  a 
finger  is  placed  in  its  mouih,  and  it  sucks  that,  in  a 
peaceful  lull,  for  a  few  moments,  to  recommence  squall- 
ing when  the  finger  yields  no  satisfaction.  If  we  accept 
these  as  signs  of  sensation,  I  do  not  see  how  we  can 
deny  such  sensation  to  the  brainless  infant,  or  animal 
which  will  also  cease  to  cry,  and  will  suck  the  delusive 
finger! 

VII  EVIDBKCJE  AGAINST  THE  SENSIBILITY  OF  THE 

Spinal  Chord. — Having  at  some  length  adduced  the 
evidence  which,  to  my  mind,  is  conclusive  in  favour  of 
the  sensibility  of  the  Spinal  Chord,  it  is  now  necessary 
to  examine  the  evidence  which  can  be  adduced  against 
it    We  have  already  seen  that  the  main  argument 

*  YoLKiCAKN,  quoted  by  Pflugeb.   • 
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against  it  has  been  drawn  from  the  nniyersal  precon- 
ception of  the  Brain  being  the  ezdnsive  sensorinm ; 
and  we  have  alao  seen  that  this  begs  the  questioD. 
Another  argument  has  been  drawn  fix)m  the  indispnt- 
able  &ct  that  many  actions  take  place  without  awaken- 
ing any  distinct  "  consciousness  "  or  attention — these 
are,  breathing,  winking,  digesting,  and  many  others. 
But  we  have  seen,  in  the  Chapter  on  FsKLnfO  and 
Tbjskesq,  that  this  proves  nothing,  or  proves  too 
'  much.  An  action  may  be  sensational,  without  produc- 
iog  that  secondary  feeling,  usually  styled  "  consdous- 
ness ;"  and,  in  this  sense,  thinking  may  be  proved  un- 
conscious— ^nay,  sensations  themselves  may  be  so. 

There  remains  only  the  striking  fact  of  human 
patients  with  injured  or  diseased  spines,  feeling  nothing 
below  the  iojary.  This  fact  we  have  more  than  once 
referred  to  as  the  cheval  de  bataiUe  of  the  Beflex- 
Theory,  which,  we  have  also  afiSrmed,  turns  out  on 
dose  inspection  to  be  the  sorriest  of  Bozinantes.  Let 
the  fact  be  stated  in  all  its  force.  A  man  with  an 
injured  spinal  chord  may  lose  all  power  of  voluntary 
movement  in  the  limbs  bdow  the  injury ;  and  also 
lose  all  power  of  feeling  any  impressions  made  on 
them.  Pricks,  bums,  pinches,  leave  him  unaffected. 
Hunter's  cdebrated  patient,  on  being  asked  whether  he 
feU  the  pain  which  caused  his  leg  to  kick  out,  answered, 
**  No ;  but  you  see  my  leg  does/'  And  thus  might  all 
such  patients  reply.  These  limbs  have  not  lost  their 
power  of  movement,  only  their  power  of  obeying  tie 
brain.    They  will  not  move  when  the  patient  endea- 
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Yours  to  move  them ;  but  they  are  mthdrawn,  or  con- 
Ynlsed,  if  pricked  or  tickled  Marshall  Hall  reports 
the  case  of  a  man  in  whom  accident  had  destroyed  all 
sensation  and  yoluntary  motion,  yet  who  drew  np  his 
legs  when  they  were  tickled,  without  once  feeling  the 
sensation  of  tickling ;  and  he  drew  them  up  when 
sprinkled  with  cold  water,  without  feeling  the  slightest 
sensation  of  cold.  This  case  is  constantly  cited,  and 
is  indeed  very  striking.  It  seems  to  have  a  far  greater 
value  than  any  experiments  on  animaJs  can  have,  because 
we  cannot  question  nnimftlfl  as  to  their  sensations,  we  do 
not  know  whether  they  feel  or  not ;  we  can  only  infer : 
whereas  we  can  interrogate  the  human  patient,  and 
he  distinctly  deniea  being  conscious  of  any  impression 
whatever.  "Do  you  feel  this  pin  which  is  pricking 
you,  and  making  your  1^  jerk  ? " — "  No,  I  do  not.*' 
Nothing  seems  less  equivocal  We  rnvM  accept  his 
statement.    Do  I  then  doubt  it  ?    Not  in  the  lecut 

Dr  Baly,  in  the  notes  to  his  admirable  translation 
of  Miiller's  Physiology,  records  that  he  has  a  patient 
under  his  care  attacked  with  complete  loss  of  sensa- 
tion and  motion  in  the  left  upper  and  lower  extremity, 
in  whom,  nevertheless,  pinching  or  even  slightly  touch- 
ing the  sole  of  the  foot  or  ankle  of  the  paralysed  1^, 
causes  the  limb  to  be  retracted  and  the  toes  extended, 
the  patient  being  unconscious  both  of  the  stimulus  and 
the  movement.  When  I  first  read  this  statement, 
having  entire  reliance  on  Dr  Baly's  accuracy  in  ob- 
serving and  reporting,  it  seemed  to  me  to  overthrow 
all  the  evidence  on  the  other  side ;  and  this  idea  was 
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farther  strengtihened  by  the  cases  collected  by  Dr  Badd* 
It  is  mmecessary  to  occupy  space  here  by  citiiig  these 
cases :  they  all  point  in  the  same  direction,  and  we 
may  therefore  acc^t  the  conclusion,  namely, — 

That  injnry  to  the  Spinal  Chord  wholly  or  partially 
destroys  the  power  of  obeying  the  Biain  by  yoluntary 
movement,  and  the  power  of  transmitting  sensoiy  im- 
pressions to  the  Brain,  in  the  parts  bdow  the  seat  of 
injury ;  while  in  those  above  the  seat  of  injury,  sensa- 
tion and  voluntary  motion  remain. 

Such  is  the  conclusion  rigorously  deduced  firom 
numerous  facts.  I  accept  it,  without  reserve.  But  I 
shall  now  prove  that  it  does  not  in  the  least  afiEect  the 
question  under  discussion,  does  not  throw  a  shadow  of 
doubt  on  the  sensational  and  volitional  character  of  the 
Spinal  Chord.  That  it  shoidd  ever  have  been  thought 
to  do  so  admits  of  easy  explanation.  Let  us  disclose 
the  fallacy  it  involves. 

On  the  supposition  that  the  whole  cerebro-spinal 
axis  is  everywhere  the  seat  of  Sensibility,  it  has  already 
been  shown  that  division  of  this  axis  would  create  two 
independent  centres.  In  this  case  we  have  no  right  to 
suppose  that  the  cerebral  segment  will  be  affected  by 
impressions  made  on  the  spinal  segment ;  nor,  con* 
versely,  that  impressions  made  on  the  cerebral  segment 
will  affect  the  spinal  segment  The  anterior  limbs  will 
obey  the  Brain,  because  they  are  in  organic  relation 
with  it ;  but  the  posterior  limbs  cannot  obey  the  Brain 
after  they  have  ceased  to  be  in  organic  relation  with 
it.     This  has  been  folly  explaiued  (p.  249  et  eeq.) 

*  BuDD :  in  Medxco-Chvrurg,  Trans, ^  zxu.,  oited  by  Dr  Carfsxtkil 
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Now,  when  a  man  has  a  diseased  spinal  chord,  the 
seat  of  injury-causes,  for  the  time  at  least,  a  division  of 
the  cerebro-spinal  axis  into  two  independent  centres* 
For  all  purposes  of  sensation  and  volition  it  is  the  same 
as  if  he  were  cut  in  half ;  his  nervous  mechanism  is 
cut  in  half.  How  then  can  any  cerebral  volition  be 
obeyed  by  his  legs ;  how  can  any  impression  on  his 
legs  be  felt  by  his  cerebrum?  As  well  might  we 
expect  the  man  whose  arm  has  been  amputated,  to 
feel  the  incisions  of  the  scalpel,  when  that  limb  is  con- 
veyed to  the  dissecting -table,  as  to  feel  in  his  brain 
impressions  made  upon  parts  wholly  divorced  from 
organic  connection  with  the  braiu. 

But,  it  may  be  objected,  this  is  the  very  point  urged. 
The  man  himself  does  not  feel  the  impressions  on  his 
limbs  when  his  sprue  has  been  injured ;  he  is  as  in- 
sensible  to  them  as  to  the  dissection  of  his  amputated 
arm.  Very  true.  He  does  not  fed  it.  But  if  the 
amputated  arm  were  to  strike  the  anatomist  who  began 
its  dissection,  if  its  fingers  were  to  grasp  the  scalpel, 
and  push  it  away,  or  with  the  thumb  jbo  rub  off 
the  acid  irritating  one  of  the  fingers,  I  do  not  see  how 
we  could  refuse  to  admit  that  the  arm  felt  although 
the  man  did  not  And  this  is  the  case  with  the 
extremities  of  a  man  whose  spine  is  injured.  They 
manifest  every  indication  of  sensibility.  In  the  frog 
they  manifest  unmistakable  volition.  It  is  true  that 
the  man  himself,  when  interrogated,  declares  that  he 
feels  nothing ;  the  cerebral  segment  has  attached  to  it 
organs  of  speech  and  expressive  features,  by  which  its 
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sensations  can  be  commimicated  to  others ;  whereas 
the  spinal  segment  has  no  snch  means  of  commmii- 
eating  its  sensations ;  hot  those  which  it  has,  it 
employs.  Yon  can  ask  the  cerebral  segment  a  question, 
which  can  be  heard,  understood,  and  answered ;  this  is 
not  the  case  with  the  spinal  eegment ;  yet  if  you  test  its 
sensibility,  the  result  is  unequivocal  You  cannot  ask 
an  animal  whether  it  feels,  but  you  can  test  its  sensi- 
bility, and  that  test  suffices. 

In  «ur  examination  of  the  triton  and  the  frog,  after 
diyision  of  their  spinal  chord,  we  saw  that  the  limbs 
which  could  convey  no  impression  to  the  brain,  and 
could  obey  no  impulse  firom  the  brain,  exhibited  the 
same  evidences  of  sensibility  as  when  they  were  in 
connection  with  the  brain.  Yet  if  the  animal  could 
have  spoken;  it  would  have  assured  us  that  it  felt 
nothing  in  its  hinder  limbs.  The  limbs  themselves 
told  a  different  story. 

The  question  we  have  to  decide,  therefore,  is  not 
whether  a  patient,  with  an  injured  spine,  can  feel  im- 
pressions on,  or  convey  voluntary  movements  to,  limbs 
below  the  seat  of  injury — ^for  as  respects  the  nervous 
mechanism  these  limbs  are  separated  from  him,  no  less 
than  if  actual  amputation  had  taken  place — ^the  ques- 
tion is,  whether  these  separated  limbs  have  any  sensi- 
bility ?  And  the  answer  seems  to  me  unequivocally 
affirmative.  I  assert,  therefore,  that  if  there  is  ample 
evidence  to  show  that  the  spinal  centres  have  sensi- 
bility, when  separated  from  the  cerebral  centres,  such 
evidence  can  in  no  respect  be  weakened  by  the  &ct 
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that  a  man  with  an  injured  spine  is  nnconscions  of 
impressions  made  below  the  seat  of  injury ;  since  such 
a  fact  necessarily  follows  from  the  establishment  of  two 
centres :  the  parts  above  are  not  sensitive  to  impressions 
on  the  parts  below  ;  nor  are  the  parts  below  sensitive 
to  impressions  on  the  parts  above ;  but  each  segment 
is  sensitive  to  its  own  impressions. 

It  should  be  borne  in  mind  that  although  all  verte- 
brate animals  are  constructed  according  to  one  general 
type,  and  all  their  organs  have  a  certain  general  homo- 
logy, the  very  great  variations  in  their  mechanisms 
will  necessarily  bring  about  corresponding  variations 
in  their  fianctions.  Heuce,  we  may  expect  to  see 
actions  performed  by  one  segment  of  a  frog,  which 
cannot  be  performed  by  the  corresponding  segment  of 
man.  And  as  a  part  of  this  variation  in  structure 
may  be  noticed  the  fact  that  in  man  the  Spinal  Chord 
is  insignificant  in  comparison  with  the  Brain,  whereas 
in  reptiles  the  Brain  is  less  than  the  Chord.  Anderson* 
estimates  the  weight  of  the  triton's  chord  at  one-fourth 
of  a  grain ;  that  of  the  brain  being  one-seventh — 
showing  a  proportion  of  100  to  180.  From  the  figures 
given  by  Sharpey  and  Ellis,f  it  appears  that  while  the 
weight  of  the  human  brain  is  40  ounces  as  an  average, 
that  of  the  Spinal  Chord  is  less  than  2  ounces,  some- 
times only  1  oxmce.  The  proportion  is  therefore  40  or 
33  to  1.    In  animals  the  proportion  is  much  less.    In 

*  AiTDERSOir :  Comp.  Anat  of  Nervous  Syttem,  21. 
t  QUATN's  AfULL,  6th  edit.,  ii.  4S5. 
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the  mouse  it  is  4  to  I ;  in  the  pigeon,  3(  to  1 ;  in  tihe 
triton,  f  to  ],  and  in  the  lamprqr^  tV  ^  1^- 

Vni  What  past  is  plated  btthb  Spinal  Chobd? 
— ^The  reader  may  now  ask  what  part  is  to  be  assigned 
to  the  Spinal  Sensibility,  supposing  its  ezistenoe 
granted?  Do  we  think  with  our  Spinal  CSiord?  Is 
it  a  centre  of  Intdligence?  "Why  no,  sir,^  as  Dr 
Johnson  would  say. 

Our  preyio:us  investigations  conducted  us  to  tiie 
conclusion  that  the  cerebrum  was  the  centre  of  intelli- 
gence and  emotion — at  least  in  those  animals  wfaidi 
have  a  cerebrum  In  the  Amphiozus,  which  has  no 
brain  at  all,  the  intelligence  and  emotion  it  may 
possibly  haye,  must  necessarily  be  performed  throngh 
the  agency  of  the  Spinal  Chord  Nor  is  there  anything 
in  such  a  supposition  which  is  at  yariance  with  the 
principles  laid  down  in  these  pages,  ho¥Feyer  at  yarianoe 
with  ordinaiy  theories.  For  in  the  Amphioxus  tJie 
spinal  chord  must  be  the  centre  in  which  the  reflexes 
of  sense  are  combined,  as  they  are  combined  in  the 
cerebrum  of  higher  animals. 

But  quitting  all  such  questions  inaccessible  except 
to  inference,  let  us  consider  the  probable  share  taken 
in  our  actions  by  the  Spinal  Chord.  The  intimate 
consensrjLS  which  exists  between  every  part  of  the  vital 
mechanism  renders  it  impossible  very  accurately  to 
define  the  share  of  each.  But  if  we  look  to  the  ana- 
tomical connections  of  the  Spinal  Chord,  and  assume 
that  the  Brain  is  the  organ  of  intellectual  action,  we 
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may  consider  that  Spinal  Sensibility  regulates  all  those 
actions  which  are  not  set  going  by  cerebral  Sensi- 
bility. 

A  few  illnstrations  will  suffice.  The  brain  of  a 
sleeping  man  is  supposed  to  be  disconnected  from  all 
participation  in  the  activity  of  the  chord.  Either  the 
man  is  in  profound  sleep,  and  his  brain  is  at  rest,  or 
he  is  dreaming,  and  his  brain  being  cut  off  from  almost 
all  external  stimuli,  is  occupied  exdusively  with  its  own 
excited  activity — ^with  its  dreams.  The  man  during 
this  state  breathes,  swallows  his  saliva,  coughs  if  any 
gets  into  the  windpipe,  and  turns  in  his  bed ;  the  or- 
ganic processes  go  on,  and  his  brain  has  little  if  any 
share  in  all  these  various  actions.  From  this  sleeping 
man  we  remove  the  bed-clothes  ;  the  cold  air  soon  pro- 
duces a  sensation  of  uneasiness  ;  he  turns  and  seeks  a 
warmer  spot ;  perhaps  he  stretches  out  his  hand  and 
pulls  the  clothes  over  him  again.  The  evidence  of 
sensation  and  volition  here  is  unmistakable.  If  he 
did  Tioi  fed  the  cold  he  would  not  move ;  if  he  did  not 
will  to  move,  and  to  pull  the  bed-clothes  over  him,  he 
could  not  do  it 

There  are  very  cogent  reasons  for  believing  that  in 
these  cases  the  sensation  and  volition  have  their  seat  in 
the  Spinal  Chord,  and  not  in  the  Brain.  Firstly,  the 
actions  veiy  closely  resemble  those  of  animals  when 
the  entire  Brain  has  been  removed.  Secondly,  brain- 
prompted  actions — i.e.,  those  which  spring  from  a  dis- 
tinct idea,  or  train  of  ideas — never  seem  possible  in 
sleep.    The  sleeping  man,  who  immediately  moves  his 
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aim  to  rub  Mb  tickled  cheds,  or  diawB  the  bed-doihes 
when  the  cold  air  reaches  him,  or  tams  if  he  be 
touched,  canTwt  move  a  muscle  when,  in  dreams,  hi$ 
mind  is  assailed  with  terror  at  danger,  or  inth  desire 
to  rescue  his  children.  It  is  nsnal  to  accomit  for  this 
familiar  £act  by  saying  that  in  sleep  "the  will  is 
sospended" :  a  mere  phrase,  and  a  Mse  one ;  for  the 
will  is  not  suspended  when  it  permits  the  man  to  pnll 
the  bed-dothes  over  him,  or  to  seek  a  wanner  spot  in 
the  bed. 

When  the  Brain  is  actLvely  engaged  in  thon^t — 
as  in  profound  meditation,  or  reverie — ^the  volitions 
emanating  firom  the  Spinal  Chord  seem  to  suffice  for 
aU  regolar  and  continuous  actions,  such  as  walking  or 
eating ;  or  for  the  relief  of  particular  discomforts,  as 
when  the  tickling  of  a  fly  causes  the  hand  to  move 
towards  the  spot,  or  the  position  of  the  limbs  is 
changed.     We  may  walk  through  crowded  streets 
absorbed  in  thought,  yet  eveiy  obstacle  is  avoided,  and 
our  destination  readied  with  unerring  accuracy.     It  is 
probable  that  from  time  to  time  the  Brain  interrupts 
its  course  of  thought  to  glance  at  the  houses,  and 
assure  us  we  are  not  in  the  wrong  track ;  but  although 
it  is  probable  that,  even  during  the  profoundest  medi- 
tation,  the  Brain  does  in  general  take  cognisance  of 
surrounding  objects  (for  when  it  does  not  we  miss  our 
way),  yet  it  seems  tolerably  certain  that  the  guiding 
sensations  of  the  Chord  suffice  during  the  intervals 
when  the  Brain  is  otherwise  occupied.    Indeed,  men 
have  been  known  to  sleep  on  horseback,  and  soldiers 
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liaye  inarched  during  sleep— facts  which  bear  a  dose 
resemblance  to  the  phenomena  exhibited  by  decapitated 
animala 

Here,  however,  we  are  once  more  treading  on  the 
confines  of  Psychology,  and  must  pause  ere  we  get 
entangled  in  its  labyrinths.  If  we  have  indicated  in  a 
general  way  the  physiological  relations  of  the  Mind 
and  the  Bbaik,  our  object  has  been  achieved.  Nor 
will  we  here  venture  into  an  eicamination  of  the  Sym- 
pathetic system,  although  we  hold  that  here  also  the 
ganglia  are  centres  of  Sensibility.  But  the  reader's 
attention  will  be  more  readily  secured  by  the  questions 
to  be  examined  in  our  next  chapter. 
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NOTE  TO  CHAPTER  IX.,  SECTION  HL 

Fob  the  sake  of  any  stadent  who  may  dedre  to 
investigate  the  microscopic  stractnre  of  nenre-centres, 
I  will  describe  the  best  methods  of  preparation.  Take 
a  perfectly  fresh  brain  or  chord,  and  having  removed 
its  membranes,  cut  it  la  small  sections,  and  harden 
them  in  alcohol,  in  chromic  acid,  or  in  bichromate  of 
potass.  Whichever  solution  is  used  should  be  very 
weak  at  first,  and  gradually  strengthened.  Lockhait 
Clarke's  plan  is  to  use  a  mixture  of  one  part  alcohol  and 
three  parts  of  water,  for  the  first  twenty-four  hours ; 
this  is  then  thrown  away,  and  replaced  by  equal  parts 
of  alcohol  and  water,  for  another  twenty-four  hours ; 
and  this  again  is  replaced  by  pure  alcohol  In  ten  or 
fourteen  days  it  is  ready.  Stilling  uses  chromic  add ; 
Eolliker,  bichromate  of  potass,  beginning  with  a  solu- 
tion of  1  per  cent,  and  increasing  it  gradually  to  4  per 
cent,  constantly  changing  the  solution.  Clarke  also 
now  generally  employs  chromic  acid,  or  bichromate  of 
potasa  He  suggests  a  solution  of  ^  per  cent  of  chromic 
acid  for  two  or  three  weeks,  foUowed  by  a  solution  of 
^  or  1  per  cent  of  bichromate.  Both  alcohol  and 
chromic  acid  are  excellent,  and  have  different  advan- 
tages ;  on  the  whole,  I  find  it  most  advantageous,  when 
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bichromate  of  potass  id  used,  to  remove  the  sections, 
after  three  weeks,  into  strong  alcohol,  which  better 
completes  the  hardening,  and  washes  out  the  potass. 

Haying  thus  hardened  the  object,  so  that  it  is  neither 
too  soft  nor  too  Mable  to  permit  of  thin  sections  being , 
made  with  a  very  sharp  razor  (for  the  spinal  chords  of 
small  animals  I  use  one  of  those  small  razors  sold  as 
corn-cutters),  the  upper  surface  of  which  must  be  pre- 
viously .wetted  with  alcohol,  we  have  now  to  render  the 
sections  sufficiently  transparent.  This  Eolliker  effects 
by  treating  them  first  with  soda  (Bidder  and  his  pupils 
use  dilute  sulphuric  acid),  then  washing  the  soda  out, 
and  placing  the  section  on  a  glass  slide,  he  drops  con- 
centrated chloiide  of  calcium  on  it,  and  covers  with 
thin  glass.  This  plan  has  never  seemed  to  me  so  effec- 
tive as  the  one  employed  by  Lockhart  Clarke.  Schroe- 
der  van  der  Eolk  hardens  in  alcohol,  then  placing  a  thin 
section  on  a  glass  slide,  drops  distilled  water  on  it,  and 
covers  with  thin  glass,  and  commences  a  gentle  pressure 
on  the  edges  of  the  covering-glass,  which  pressure 
causes  the  water  to  rush  between  the  fibres,  and  wash 
out  the  fat.  When  pressure  no  longer  makes  the  water 
milky  (after  repeated  changes),  a  drop  of  chloride  of 
calcium  is  added ;  in  six  or  seven  days  the  section 
is  clear.  This  also  seems  to  me  very  inferior  to  the 
plan  adopted  by  Clarke,  who  places  the  section  in 
alcohol  for  a  few  minutes,  according  to  its  thickness, 
and  then  floats  it  on  oil  of  turpentine.  On  the  tur- 
pentine it  rapidly  becomes  transparent.  It  is  then 
removed  to  a  glass  slide,  on  which  is  a  drop  of  Canada 


272  THE  MIND  AND  THE  BRAIK. 

balsam,  and  allowed  to  remain,  if  not  eveiywliere 
transparent ;  or  if  transparent,  is  covered  with  thin 
glass,  and  is  ready  for  inspection. 

The  simplest  of  all  pldns  is  to  harden  the  chord 
in  alcohol,  make  a  thin  section,  place  it  on  a  glass  slide, 
add  turpentine,  and  cover  with  thin  glass ;  the  tur- 
pentine penetrates  slowly,  and  the  section  gradnally 
clears  ;  you  may  watch  it  day  by  day. 

K  the  cells  are  to  be  exhibited,  Gerlach's  plan  is 
to  place  the  fresh  chord,  or  the  section  just  made  firom 
a  hardened  chord,  in  a  yeiy  weak  filtered  solution  of 
carmine,  dissolved  in  weak  ammonia :  it  is  allowed  to 
remain  there  a  few  minutes  or  a  few  hours,  accord- 
ing to  the  strength  of  the  solution.  It  must  then  be 
washed,  and  placed  in  alcohol 

By  varying  the  plans,  and  giving  the  requisite 
patience,  preparations  may  be  produced  of  great  dis* 
tinctness ;  but  the  complexity  of  the  structure  renders 
it  excessively  difficult  of  comprehension,  even  with  the 
best  preparations. 


CHAPTEE  X. 


OUR  SENSES  AND   SENSATIONS. 

How  many  senBes  have  we  ? — Definitioii  of  terms— New  clafisification 
of  the  sensatioiiB— Oroanic-seksationb— The  Miuoular  Sense : 
proofs  of  its  ezistenoe ;  experiments  to  show  that  its  seat  is  not 
the  skin,  but  the  muscles — Electrical  disturbance  causing  nervous- 
action — SuRFAOX-BEiTOATioire :  Tarious  sensibilities  of  the  skin — 
Touch  :  tactile  corpuscles  not  oi^gans  of  touch ;  how  we  localise  all 
our  sensations :  all  sensations  referred  to  the  surface ;  feelings  in 
amputated  limbs ;  some  parts  of  the  skin  more  sensitive  than  others 
— Feeling  of  "pins  and  needles"  in  the  leg— Tabtb:  organ  of; 
savoury  substances  must  be  soluble ;  dare  wo  trust  our  instinct  in 
taste  ?  after-tastes — Smell  :  organ  of ;  are  the  olfactory  nerves  the 
nerves  of  smell  ?— Are  they  nerves  at  all  I — Example  of  perfect  sense 
of  smell  in  the  absence  of  the  ol&ctory  nerves — Odorous  substances — 
Variations  and  uses  of  smell — Hearing  :  organ  of  ;  cases  of  per- 
forated tympanum ;  varieties  in  sounds ;  a  musical  ear ;  effect  of 
sounds  on  the  emotions  ;  subjective  sounds ;  direction  of  sounds,  and 
how  discriminated — Sioht  :  oigan  of — Are  images  transmitted  to  the 
brain  ? — Description  of  the  Retina — Is  it  nervous  ?->-It  is  insensible 
to  Light ;  virion  commences  in  a  change  of  temperature — Subjective 
virion:  curious  examples — Single  virion  with  two  eyes:  the  paradox 
explained — Why  are  objects  not  seen  inverted  ? — Colour-Uindnesa — 
Psychological  importance  of  the  new  view  of  the  senses. 

"  How  many  senses  have  you  ?"  inquired  the  traveller 
from  Sirius,  in  Voltaire's  exquisite  satire ;  upon  which 
the  inhabitant  of  Saturn  replied,  '*  Seventy-two ;  but 
every  day  welive,  we  lament  that  we  have  so  few.'' 
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The  European  has  been  taught  to  be  so  well  satis- 
fied with  five  senses,  that  he  is  apt  to  regard  as  an 
absurdity  the  attempt  to  alter,  or  enlatge  that  sacred 
number.  Yet,  if  we  look  closely  into  the  matter,  we 
find  that  five  is  either  too  few,  or  too  many :  too  few, 
if  every  distinct  source  of  special  sensations  is  to  be 
called  a  Sense ;  too  many,  if  only  that  is  worthy  to  be 
called  an  organ  of  Sense  which — ^as  in  the  case  of  the 
eye  or  the  ear — ministers  to  a  single  function,  and 
yields  only  one  group  of  special  sensations.  When  it 
is  said,  "  Man  has  only  five  senses,"  it  is  scdd  that  over 
and  above  the  sensations  of  touch,  sight,  hearing,  smell, 
and  taste,  he  has  nothing  to  be  called  sensation*  This 
is  manifestly  wrong.  "The  division  of  our  eztetoal 
senses,''  says  Hutcheson,  "  into  five  common  classes, 
is  ridiculously  imperfect  Some  sensations^  such  as 
hunger  and  thirst,  weariness  and  sickness,  can  be  re- 
duced to  none  of  them ;  or  if  they  are  reduced  to  feel- 
ings, they  are  perceptions  as  different  from  the  other 
ideas  of  touch — such  as  cold,  heat,  hardness,  softness — 
as  the  ideas  of  taste  or  smelL"  * 

Grerdy  thinks  the  reduction  of  our  senses  to  five,  one 
of  the  most  ridiculous  of  notions.  "  A  sense,"  he  says, 
"  is  nothing  but  a  part  of  our  body  which  gives  differ^ 
ent  sensations  from  those  of  other  parts.  Is  it  not  on 
the  groxmd  of  such  differences  that  men  have  admitted 
the  five  senses  ? "  f    Sir  W.  Hamilton  also,  after  lay- 

*  Quoted  by  Sir  W.  Hahilton  :  Lectwrtt  on  Mdaphytta,  iL  156. 
The  language  is  loose  enough,  but  the  idea  is  intelligible, 
t  Gerdt  :  Pkytiologw  PhUotopkiqme  da  SmoHom,  p.  89. 
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ing  down  the  proposition  that  all  onr  senses  are  modi- 
fications of  tonch,  or  contact^  adds  "  that  if  Sight  and 
Hearing,  if  Smell  and  Taste,  are  to  be  divided  from 
each  other^  and  from  Tonch  IVoper,  nnder  Touch  there 
mnst^  on  the  same  analogy,  be  distingoished  a  plurality 
of  special  senses." 

It  is  impossible  that  there  can  be  any  philosophic 
agreement,  unless  we  come  to  a  distinct  understanding 
of  terma  We  cannot  leave  undecided  what  is  to  be 
understood  by  the  words  ''sensation"  and  ''sense/' 
It  is  clear  that  there  is  a  great  variety  of  sensations ; 
but  this  does  not  imply  a  corresponding  variety  in  our 
Senses.  The  same  organ  necessarily  furnishes  a  great 
diversity  of  sensations,  if  it  is  capable  of  being  acted  on 
by  a  diversity  of  stimuli  Let  us  therefore  settle  our 
terms  ;  since  if  the  inquiry  be,  "  How  many  distinct 
and  special  sensations  ^ave  we  1"  the  answer  will  not 
be  five,  but  probably  five-score  ;  whereas,  if  the  inquiry 
be,  "  How  many  distinct  organs  of  sense  have  we?^'  the 
answer  can  only  be  settled  by  a  profound  anatomist* 

A  sensation,  properly  so  called,  is  the  reaction  of 
Sensibility,  stimulated  by  an  impression — the  activ- 
ity of  a  nerve-centre  awakened  by  the  Neurility  of  a 
nerve.  This  we  have  seen  to  be  the  rigorous  definition. 
Those  writers  who  complicate  the  idea  of  Sensation 

with  the  idea  of  Thought,  and  assert  that  there  can  be 

• 

*  On  this,  as  on  BO  many  other  subjects,  the  philosophica]  student  is 
referred  to  the  important  work  by  Victor  Carus  :  System  der  thieris^en 
Morpholoffie ;  see  also  Gegevbaur  :  ChrundeUffe  der  Vergleichende 
AtuUomis;  and  Bergmann  und  Leuokart:  Vergleiehende  Anatomie, 
or  the  course  of  development  of  the  senses  in  the  animal  series. 
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no  sensation  unless  it  be  recognised  as  such  by  tbe 
sentient  being,  may  equally  accept  our  definition,  since, 
according  to  them,  Sensibility  never  is  awakened  by  a 
stimulus  unless  the  brain  be  also  affected. 

The  stimulus  may  be  external,  or  internal  It 
may  arise  from  contact  with  agents  outside,  or  from 
agents  inside  the  body:  the  pressure  of  a  pin  on 
a  sensitive  surface,  the  chemical  changes  going  on  in 
the  substance  of  an  organ,  or  the  pressure  of  a  blood- 
vessel, may  equally  produce  sensations,  but  the  sensa- 
tions produced  will  not  be  similar.  For  while,  on  the 
one  hand,  the  kind  of  sensation  is  determined  by  the 
nature  and  degree  of  the  stimulus,  it  is,  on  the  other 
hand,  determined  by  the  peculiar  structure  and  organic 
disposition  of  the  part  affected.*  The  same  degree  of 
temperature  which,  acting  on  a  nerve  through  the 
skin,  will  produce  the  sensatioit  of  cold,  will  produce 
no  such  sensation  but  one  of  pain,  if  it  act  direcUy 
on  this  nerve ;  and  I  have  found,  as  previously  men- 
tioned, that  the  same  nerve  which  in  the  frog  is  sensi- 
tive to  pricks  or  cuts  through  the  skin,  is  not  sensi- 
tive to  them  under  the  skin.  The  ray  of  light  which, 
falling  on  the  optic  apparatus,  produces  a  well-known 
sensation,  produces  nothing  of  the  kind  if  it  fall  on 
the  optic  nerve,  or  any  other  nerva  The  wave  of  air 
which  produces  the  sensation  of  sound  through  the 
auditory  apparatus,  produces  little  appreciable  effect  on 
any  other  part  The  sugar  which  is  sweet  to  the 
tongue,  is  merely  rough  to  the  gums.     Thus  each 

*  Compare  VioroB  Cabus  :  Morphologie,  pp.  ^,  ^ 
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organ  of  sense  determines  its  specific  sensations :  a 
blow  on  the  arm  causes  pain,  on  the  eye  a  flash  of 
light,  on  the  ear  a  sonnd.  Electricity  causes  alkaline, 
or  acid,  tastes,  phosphoric  odours,  buzzing  sounds,  and 
flashes  of  light,  if  applied  to  tongue,  nose,  ear,  and  eye. 
One  stimulus  is  thus  transformed  into  various  sensa- 
tions, according  as  it  acts  through  yarious  channels. 

Sensibility  is  the  general  property  of  every  animal 
organism.  This  general  property  becomes  specialised 
in  proportion  as  the  organism  itself  becomes  more 
special  and  complex  in  structure.*  Although  eveiy 
animal  must  feel,  it  does  not  follow  that  every  animal 
must  have  every  kind  of  feeling.  The  mollusc  feels, 
but  it  is  extremely  doubtful  whether  it  feels  pain,  and 
still  more  so  whether  it  feels  tickling.  Its  sense  of 
sight  is  probably  little  more  than  a  discrimination  of 
light  from  darkness ;  its  sense  of  hearing  Uttle.more 
than  a  susceptibility  to  vibrations  of  the  air.  Nay, 
even  to  pass  on  to  higher  animals,  the  cat  imdoubtedly 
distinguishes  sounds,  and  does  not  confound  the  cry  of 
the  cat's-meat-man  with  that  of  the  dustman ;  but  its 
susceptibility  to  musical  intervals  will  be  very  doubt- 
ful to  those  who  have  "  assisted  **  at  gutter-concerts. 
And  among  men,  there  are  those  who  cannot  distin- 
guish the  colours  red  and  blue ;  others  who  have  no 
distinct  appreciation  of  odours  and  savours ;  others 
who  can  scarcely  follow  a  melody ;  others  who  are 
very  ticklish,  or  not  at  all  so ;  others  exquisitely  sensi- 

*  On  the  development  of  psychical  complexity,  see  the  remarkable 
work  by  Herbert  SfSNGER :  Principles  of  Ptyc/iology . 
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tive  to  pam,  and  others  very  much  less  so.  All  these 
specialities  of  the  general  Sensibility  depend  on  spe- 
cialities of  the  nervous  system  and  the  organs  of  sensa 

The  precise  number  of  our  senses  is  a  question  not 
easily  answered.  If  every  distinct  part  of  the  organ- 
ism, which  is  the  source  of  distinct  sensations,  is  to  be 
called  a  Sense,  we  must  necessarily  include  the  Muscles 
and  Viscera  among  the  Senses,  for  the  sensations  de- 
rived through  the  muscles — ^sensations  of  adjustment^ 
weariness,  cramp,  &c. — are  as  specific  as  those  derived 
through  the  eye  or  tongue ;  and  the  glandular  sensa- 
tions are  assuredly  distinct  from  those  of  the  muscles 

The  following  is  the  classification  which  seems  to  me 
desirable,  after  what  has  been  said  respecting  the  vari- 
ous forms  of  consciousness  (see  p.  65-77).  All  those 
sensations  which  arise  in  the  organic  processes,  or 
which^  belonging  to  the  general  system,  are  not  local- 
ised in  any  special  organ,  I  call  systemic  sensations; 
whereas  those,  on  the  contrary,  which  are  localised  in 
special  organs — the  eye,  the  ear,  the  nose,  the  tongue, 
and  the  hand — ^I  call  sense^ensations.  The  former 
only  tell  us  of  our  own  internal  condition — ^thqr  are 
the  subjective  senses.*  The  latter  give  us  concep- 
tions of  things  external  to  ourselves— they  are  the 
objective  senses.  Although  the  food  which  stimulates 
the  alimentary  canal,  or  the  air  which  stimulates  the 
lungs,  are  objects  not  less  eatemai  than  the  colour  or 
the  odour  of  a  rose,  we  do  not  habitually  refer  the 

*  Kant's  classification  into  tentui  vagtu  and  ientutjunu  corresponda 
protty  nearly  with  the  above. 
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sensations  they  produce  to  distinct  cognisable  objects, 
as  in  the  case  of  the  colour  and  odour.  We  hare  great 
difficiQty  in  localising  the  sensations,  and  never  suc- 
ceed in  doing  so  witili  any  precision ;  whereas  we  are 
in  no  doubt  that  the  sensation  of  colour  is  derived 
through  the  eye,  and  nowhere  el8& 

Systemic  sensations  may  be  divided  into  two  classes: 
Organic  and  Surface  Sensations;  these  we  will  now 
consider. 

L  OsGANic-SENSATiONa — ^That  we  receive  sensations 
from  the  varying  states  of  our  organs,  not  less  than 
from  the  varying  impressions  of  objects  on  our  Senses, 
is  abundantly  manifest.  The  agitation  of  the  heart, 
the  pains  or  pleasures  of  the  alimentary  canal,  the  feel- 
ings of  fatigue,  sleepiness,  hunger,  thirst,  and  the  vari- 
ous feelings  attendant  on  maternity,  are  obviously  of 
organic  origin.  It  would  doubtless  create  some  sur- 
prise were  we  to  speak  of  a  Bespiratoiy  Sense ;  yet 
there  would  be  more  warrant  for  such  a  term  than  for 
the  Muscular  Sense,  which  has  gained  general  accept- 
ance. Indeed  Mr  Bain,  who  has  treated  this  topic  of 
the  organic  sensations  with  great  fulness  and  felicity,* 
properly  remarks  that  we  have  in  respiration  all  the 
particulars  necessary  to  constitute  a  Sense :  an  exter- 
nal object — ^the  air  of  the  atmosphere ;  an  organ  ;  and 
a  resulting  state  offedimg.  This  cannot  be  said  of  the 
Muscular  Sense,  which  has  no  external  object  No 
one  will  doubt  that  we.  receive  distinct  sensations  from 

*BAiir:  The  Stnut  andth4  IiUaUd, 
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the  purity,  or  closeness,  of  the  atmosphere ;  we  cannot 
draw  breath  without  exciting  a  sensation^  although  in 
general  we  are  not  "aware"  of  it  In  like  manner  the 
sensations  of  the  alimentary  canal  generally  pass  un- 
perceived  by  us ;  but  they  go  to  form  that  stream  of 
Consciousness  which  I  have  before  noticed. 

Beferring  the  reader  to  Mr  Bain's  work  for  further 
details  on  this  subject,  I  will  now  pass  to  the  very  im- 
portant class  of  sensations  arising  from  the  condition 
of  the  muscles. 

1 .  The  Muscular  Sense. — In  his  erudite  dissertations 
affixed  to  Seid's  Works,  Sir  William  Hamilton  has 
sketched  the  history  of  the  conception,  revived  in  jonr 
own  day  by  Sir  Charles  Bell,  of  a  distinct  Muscular 
Sense.  Whether  it  is  legitimate  or  not  to  elevate  this 
into  the  rank  of  a  distinct  Sense — a  rank  denied  to 
the  glands  and  alimentary  canal — ^may  be  question- 
able, and  is,  indeed,  often  questioned ;  but  there  has 
long  been  general  unanimity  as  to  the  fact  that  the 
muscles  are  the  sources  of  peculiar  sensations,  such  as 
those  of  exercise,  weariness,  cramp,  &c.  It  has  alsq 
been  admitted  that  'the  adjustifnents  necessary  for  all 
movements  for  walking,  riding,  dancing,  sitting  up- 
right, and  so  forth,  are  dependent  on  the  sensitiveness 
of  the  muscles.  The  body  is  balanced  by  an  incessant 
shifting  of  the  muscles,  one  group  antagonising  the 
other.  But  this  would  be  impossible  unless  each 
muscle  were  adjusted  and  co-ordinated  by  sensation. 

"  When  a  blind  man,  or  a  man  blindfolded,  stands 
upright,  neither  leaning  upon  nor  touching  aught ;  by 
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what  means  does  he  maintain  his  erect  position  ?  The 
symmetry  of  his  body  is  not  the  cause.  A  statue  of 
the  finest  proportion  must  be  soldered  to  its  pedestal, 
or  the  wind  will  cast  it  down«  How  is  it,  then,  that  a 
man  sustains  the  perpendicular  posture,  or  inclines  in 
the  due  degree  towards  the  wind  that  blows  upon  him? 
It  is  obvious  that  he  has  a  sense  by  which  he  knows 
the  inclination  of  his  body ;  and  that  he  has  a  ready 
aptitude  to  adjust  the  parts  of  it,  so  as  to  correct  any 
deviation  from  the  perpendicular.  What  sense  is  this  ? 
He  touches  nothing,  sees  nothing ;  it  can  only  be  by 
the  adjustment  of  the  muscles  that  the  limbs  are  stiff- 
ened, the  body  firmly  balanced  and  kept  erect.  In 
truth,  we  stand  by  so  fine  an  exercise  of  this  power, 
and  the  muscles  from  habit  are  directed  with  so  much 
precision,  and  with  an  effort  so  slight,  that  we  do  not 
know  how  we  stand.  But  if  we  attempt  to  walk  on  a 
narrow  ledge,  or  rest  in  a  situation  where  we  are  in 
danger  of  falling,  or  balance  on  one  foot,  we  become 
subject  to  apprehension;  and  the  actions  of  the  muscles 
are  then,  as  it  were,  magnified,  and  demonstrative  of 
the  degree  in  which  they  are  excited."* 

If  we  watch  an  infant  learning  to  walk,  or  attend  to 
our  own  sensations  when  learning  some  new  muscular 
movement,  we  shall  become  aware  of  the  necessity  of  a 
very  fine  sensibiUty  for  all  these  adjustments.  It  is 
onty  by  means  of  ^ng  sensations  that  we  can  per- 
form  such  actions.  All  this  was  admitted  by  physio- 
logists ;  but  there  still  remained  the  question  whether 

•  Bell  :  On  Ihe  Hand,  p.  238 ;  5th  editiob. 
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the  sensations  derived  in  moscnlar  contraction  could 
properly  be  referred  to  the  mnsdes.  In  his  admirable 
treatise  on  Physiology,  Schiff  maintains  that  all  the 
phenomena  attributed  to  the  mnscolar  sense  are  due 
to  the  foldings  and  stretchings  of  the  dnn  when  the 
mnsdes  contract  Spiess  and  Schrceder  van  der  Kolk 
hold  similar  views.  Indeed  when  we  learn  that  the 
posterior,  or  so-caUed  sensory  nerves,  traverse^- but  do 
not  terminate  in  mnscles,  we  are  in  a  dilenmia  if  we 
grant  the  mnsdes  to  be  the  diannds  of  sensation; 
since  tiiey  are  supplied  only  with  anterior,  tliat  is,  the 
so-called  motor  nerves.  How  can  these  motor-nerves 
convey  sensoiy  stimuli?  This  difficulty  does  not  seem 
to  have  been  generally  recognised.  It  is  only  to  be 
escaped  by  denying  that  the  mnsdes  are  channels  of 
sensation;  or  by  denying  that  the  so-called  motor- 
nerves  are  not  also  sensoiy  nerves.  Schiff  rejects  Ae 
muscular  seiise,  and  attributes  to  the  skin  all  the 
phenomena  grouped  under  this  sense  The  reader  is 
aware  that  I  deny  the  so-called  motor-nerves  to  be  es- 
dusively  motor ;  and  one  proof  on  which  I  rdy  is  the 
proof  of  a  muscular  sense. 

In  a  paper  read  at  the  Aberdeen  Meeting  of  the 
British  Association,*  I  adduced  the  following  decisive 
experiments,  which,  if  we  admit  that  sensations  are 
necessary  to  muscular  adjustments,  leave  no  doubt 
that  the  mnsdes  and  muscle-nerves  are  the  sources 
of  such  sensations.  I  etherised  a  ttog,  and  then  caie- 
folly  removed  the  whole  of  its  skin,  excqyt  a  rery 

*  A  DonoajtratMMi  qftke  Mntaiiar  jSouk. 
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small  patch  aboat  the  end  of  the  back,  and  another 
patch  over  mouth,  nose,  and  eyes.  These  patches  were 
left  for  comparison.  K  Schiff 's  yiews  were  correct, 
— ^if  all  the  phenomena  assigned  to  a  muscular  sense 
were  due  to  foldings  and  stretchings  of  the  skin,  it  was 
obvious  that  this  frog  could  manifest  none  of  these 
phenomena,  having  no  skin  to  be  folded  or  stretched. 
What  was  the  fact  ?  Why,  that  no  sooner  had  the  frog 
recovered  from  the  effects  of  the  ether,  than  it  hopped 
off  the  table  on  to  the  ground.  I  then  tested  its  sensi- 
bility.  Those  patches,  where  the  akin  remained,  were 
as  sensitive  as  ever ;  a  touch  there,  made  the  frog  hop, 
or  shrink,  or  draw  up  its  legs  in  defence.  If  its  nose 
was  touched  with  acetic  acid,  the  fore-legs  were  used 
to  rub  the  acid  away ;  showing  that  it  had  the  same 
power  of  adjusting  its  muscles  as  when  the  skin  was 
on.  But  this  was  no  absolute  proof  that  the  frt)g  had 
any  sensation  derived  through  these  muscles ;  and  to 
obviate  all  objection  I  sought  for  such  proof  It  is  to 
be  observed  that,  as  regards  external  impressions,  the 
frog  was  utterly  insensible  I  pinched  the  limbs, 
pricked  them,  cut  them,  burnt  them  with  acetic  add, 
and  reduced  them  to  cinders  with  the  flame  of  a  wax 
taper — and  to  all  these  violent  stimuli  the  frog  re- 
mained insensible,  motionless,*  although  a  touch  on  the 

•  Whaaeyer  I  adduce  experimontal  eyidence,  the  reader  will  be 
pleased  to  remember  that,  unless  the  oontraiy  is  stated,  I  am  always 
speaking  of  facts  repeatedly  observed,  and  controlled  by  comparative 
experiments.  What  is  said  in  the  text  respecting  the  insensibility  of 
the  skinned  frog  is  exact ;  it  has  been  observed  in  many  oases ;  but 
there  is  on$  strange  exception  recorded  in  my  note-book  which  deserve 
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skin-patclies  made  it  hop  or  mnce.  Here  then  was  an 
animal  which,  if  it  had  sensations  at  all,  conld  only 
ha^e  them  from  internal  stimuli,  except  on  two  minute 
patches  of  skin.  Tet  when  it  was  placed  on  its  back, 
it  immediately  turned  round  again,  and  settled  in  a 
comfortable  position.  Lest  this  change  of  position 
should  be  attributed  to  the  ''will^'  of  the  animal,  whose 
brain  might  be  thought  to  have  originated  the  act,  I 
cut  its  head  off;  the  headless  frog,  placed  on  its  back, 
always  turned  round  a^  before.  The  position  was  ob- 
viously  uncomfortable,  and  was  altered.  The  hind-legs 
were  then  drawn  out :  if  drawn  abruptly,  they  were 
abruptly  drawn  up  again  ;  if  drawn  yery  gently,  they 
remained  motionless  where  they  were  placed ;  hut  afier 
a  few  mintUes  the  legs  were  always  drawn  up  again. 
To  what  can  we  attribute  this  change  of  position  but 
to  a  sense  of  muscular  discomfort  ?  Had  the  mnsdes 
been  insensible,  the  legs  would  have  remained  motion- 
less till  the  animal  was  about  to  spring ;  but  that  they 
were  sensitive  is  shown  in  the  fact  that,  after  a  while,  the 
legs  always  were  drawn  back  to  the  normal  position  ; 
and  this  was  observed  to  take  place  in  a  shorter  time 
if  the  outstretched  leg  was  at  right  angles  to  the  body 
than  if  it  were  straight  out.  That  is  to  say,  the  more 
unusual  the  position,  the  swifter  was  the  withdrawal. 

notice  here.  **  Fotind  tra^  of  sensifaility  in  tome  of  the  akinlefls  parts. 
Pinching  the  joints  or  the  Bolee  of  the  feet,  and  ahnoet  anywhere  on  Hie 
fore-leg,  made  the  frog  straggle  or  jump.  Acetic  acid  had  no  such  effect 
Pricking  seldom  had  any.  Back  quite  insensible  to  all  stimulL  Muscles 
of  the  thigh  insensible  to  burns  or  pricks,  but  sensitiye  to  a  prolonged 
pinch  with  the  tweeeers."  This  is  wholly  inexplicable  to  me ;  but  the 
fact  is  worth  considering. 
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We  have  thus  a  skinned  and  headless  &og  manifest- 
ing many  unequivocal  signs  of  those  sensations  which 
have  been  assigned  to  the  conditions  of  the  muscles ; 
and  are  justified  in  considering  this  experiment  as 
demonstrating  the  existence  of  a  muscular  sense.  And 
a  striking  confirmation  of  the  original  conception,  that 
a  muscular  sense  is  necessary  for  the  adjustments  on 
which  combined  actions  depend,  is  to  be  found  in  a 
case  recorded  by  Brown-Sdquard.  Sir  Charles  Bell 
refers  to  a  woman  who,  having  lost  the  muscular 
sensibility  in  her  arm,  could  only  hold  her  infimt  so 
long  as  she  looked  at  her  arm ;  directly  she  averted 
her  eyes,  the  loss  of  this  guiding  sensation  made  her 
grasp  loosen.  On  tiiis  Brown-S^quard  remarks  :  "  It 
may  be  said  that  the  sensibility  of  the  skin  being  lost 
in  this  case,  the  impossibility  of  holding  the  chUd  arose 
firom  this  cutaneous  aneesthesia.  There  is  a  decisive 
reply  to  this  objection  :  it  is,  that  muscular  sensibility 
alone  is  sufficient  for  the  direction  of  voluntary  move- 
ments. I  have  seen  a  child  completely  deprived  of 
cutaneous  sensibility  (unable  to  feel  contact,  pressure, 
pricking,  pinching,  tickling,  cold,  or  heat),  yet  able  to 
walk  well  without  looking  at  its  feet,  and  undoubtedly 
owing  this  power  to  the  persistence  of  guiding  sensa- 
tions in  the  muscles.  In  this  case,  besides  the  pecu- 
liar sensibility  which  guides  voluntaiy  movements,  the 
muscles  had  the  power  of  giving  pain.  When  they 
were  excited  to  contract  spasmodically,  the  patient  had 
the  feeling  of  cramps."  * 

*  Bbown-Sbquabd  :  lieetitrm  in  Laneet,  Ooi  16, 185S. 
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In  singmgy  a  wonderfdl  adjustment  of  the  nmsdcs 
takes  place  ;  and  although  the  direction  impressed  on 
these  is  mainly  due  to  the  sense  of  hearing,  this  is  no 
more  than  the  direction  of  onr  locomotiye  movements 
impressed  by  sight  Dr  Eitto,  in  his  interesting  anto- 
biographical  sketch,*  narrates  how  difficolt,  and  eren 
painful,  it  was  for  him  to  speak,  on  first  lecoYeting 
from  the  accident  which  made  him  dea£  But  he 
subsequently  learned  to  speak,  and  this  was  of  course 
entirely  due  to  the  muscular  sensations  in  his  Yocal 
organs.  In  the  same  way,  a  man  blindfolded,  or  sud- 
denly blinded,  finds  great  difficulty  in  walking  straight 
ahead ;  the  loss  of  his  eyesight  is  the  loss  of  the 
accustomed  guiding  sensation ;  yet  in  a  little  while 
his  muscular  sense  suffices  to  guide  his  steps.  Mr 
Mayo's  energetic  phrase,  ''We  lean  upon  our  eyesight 
as  upon  crutches,''  is  inaccurate.  We  deriye  no  power 
of  walking  *firom  sight,  we  only  ascertain  our  course  by 
it.    Eyesight  is  a  finger-post,  not  a  crutcL 

Having  made  clear  to  ourselves  that  we  have  a 
distinct  dass  of  muscular  sensations,  we  shall  at  once 
recognise  the  important  element  they  must  form  in 
our  general  Consciousness,  little  as  they  ever  emeige 
into  that  prominence  which  causes  the  mind  to  attend 
to  them.  We  shall  also  recognise  the  sensory  function 
of  the  motor-nerves  (see  p.  29  et  seq.)  And  now  an 
interesting  problem  presents  itself,  namely,  how  the 
contractions  of  a  muscle  can  awaken  sensation.  In 
the  ordinary  conception  of  sensation,  it  is  implied  that 

*EiTTO:  The  ZoH  Se^fies :  Dea/neu, 
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some  ezternal  object  should  impress  a  neive,  and  lihis 
impression,  transmitted  to  the  brain,  will  produce  a 
sensation.  This  conception  renders  internal  sensations 
difficult  of  explanation.  But  a  more  accurate  survey 
of  the  facts  leads  to  the  conclusion  that  the  mere  dis- 
turbance of  the  electrical  equilihriwm,  in  an  organ  is 
sufficient  to  excite  a  sensation. 

Let  us  dissect  out  the  lumbar  nerves  of  a  frog  (T), 

Fig.  63. 


and,  taking  the  leg  of  another  &og  with  its  nerve  dis- 
sected out,  let  us  place  this  nerve  (c)  on  the  muscles 
of  the  first  (m).  When  the  two  poles  of  a  battery 
are  applied  to  the  lumbar  nerve  (I),  the  legs  (m)  are 
violently  contracted,  and  this  contraction  so  afiSects  the 
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nerve  of  tlie  leg  (c)  lying  on  fhe  contracted  mnades, 
that  this  leg  aUo  contracU,  Here,  then,  the  mere 
contraction  of  a  nrasde,  stimulates  anotho'  nerre  in 
contact  with  it  Now,  it  is  indifferent  to  dnr  present 
argument  what  explanation  we  accept  of  this  fact; 
the  £Ek^  that  a  dumge  in  the  state  of  the  mnsde  will 
excite  fhe  Nenrility  of  a  nerve,  is  enough  for  ns.*  And 
it  is  ^tremely  important  to  bear  in  mind  that  not 
only  will  a  mnscle  in  contraction  excite  any  nerve 
with  which  it  may  be  in  contact,  but  it  will  do  so  i^ 
without  contracting,  it  even  tends  to  contract 

• 

By  disturbances  of  the  electrical  equilibrium  the 
Neurility  of  nerves  is  excited  Hence  it  is  that  the 
manifold  chemical  changes  going  on — the  processes  of 
nutrition  and  secretion — ^the  oscillations  of  the  circula- 
tion and  the  activities  of  the  muscles,  create  those 
manifold  streams  of  sensation  which  make  up  our 
general  Consciousness.  Hence  may  we  deduce  the 
exaltation  of  sensibility  in  delicate  states  of  health ; 
and  the  marked  difference  in  the  nervous  excitability 
of  frogs  before  and  after  the  pairing  time.  But  we 
dare  not  venture  into  so  wide  a  field.  It  is  enough  to 
have  indicated  the  existence  of  a  vast  class  of  organic 
sensations  ;  and  we  will  now  pass  on  to  the 

II.  Surface-sensations. — ^These  are  more  appreci- 
able than  the  Organic  sensations,  because  we  can  to 

*  WiU  not  this  explain  the  paradox  of  parts  wholly  destitata  of 
nerFos  being  nerertheless  susceptible  of  intense  painT  The  altered 
^aie  of  a  tendon  may  propagate  an  influence  to  the  muscle^  and  thoM 
may  ezdte  the  sensory  nerves  in  their  neighbourhood. 
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some  extent  measm^  the  effects  produced  by  external 
objects  on  the  surfEtca  We  do  not  know  what  is  going 
on  in  our  organs,  we  do  not  know  what  agents  are  at 
work ;  but  we  can  ascertain  what  agents  are  stimulat- 
ing the  surfSEice,  with  what  variations  of  degree  these 
agents  affect  us,  and  in  what  places  they  affect  us. 

The  skin  is  eyerywhere  sensitiva  It  is  eyerywhere 
supplied  with  n^rous  filaments ;  and  these  filaments 
seem  more  sensitiye  in  the  skin  than  in  the  trunks 
from  which  they  issue.  Not  only  are  they  more  vaW- 
oudy  sensitiye— <!apable  of  more  distinct  sensations — 
but  they  ar^  susceptiUe  to  a  greater  ammunJt  of  excite- 
ment For  example,  it  is  through  the  skin,  and  only 
through  the  skin  (and  the  mucous  membrane,  which 
is  the  internal  skin)  that  we  receive  sensations  of  Tem- 
perature. Application  of  a  hot  or  cold  substance  to 
the  nerve-tnmk  itself,  produces  no  sensation  of  heat  or 
cold,  but  one  of  pain.  It  is  the  same  with  itching, 
tickling,  and  some  other  surface-sensationa  Never- 
theless it  is  not  the  skin  which  is  sensitive ;  destroy 
the  nerve  -  filaments,  or  cut  off  their  communication 
with  the  nerve-centre,  and  the  skin  is  insensible. 

Further,  the  intensity  of  sensation  is  much  greater 
in  the  skin  than  in  the  nerve-trunL  Hence  the  pain- 
fulness  of  an  operation  chiefly  depends  on  the  division 
of  the  filaments  at  the  surface,  and  not  on  the  division 
of  the  nerve-trunks  when  the  muscles  are  cut  througL 
Arnold,  Volkmann,  Weber,  and  others,  have  abundantly 
illustrated  the  superior  sensitiveness  of  the  nerve  in  its 

VOL.  II,  Z 
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distribution  through  the  skin,  to  that  of  the  same  neive 
in  any  other  part  of  its  conrseL 

But  although  ereiywhere  sensitive,  the  skin  is  not 
everywhere  equally  susceptible  to  the  same  kind  of 
impression.  A  specialisation  has  taken  placa  The 
face  is  more  sensitive  than  the  hand  to  Temperature  ; 
the  sole  of  the  foot  is  more  sensitive  than  the  back 
to  Tickling ;  the  tips  of  the  fingers  are  more  sensitive 
than  the  palm  of  the  hand  to  Pain,  and  less  to  Tickling. 
In'  cold  weather  we  see  men  beating  their  hands  to- 
gether, or  clapping  their  sides,  to  stir  a  Utde  warmth ; 
but  they  never  think  of  slapping  their  faces  with  this 
energy.  The  schoolboy  has  often  to  hold  out  the  palm 
of  his  hand  for  a  stroke  with  the  cane,  which  would  be 
intolerable  on  the  back  of  his  hand.  It  was  an  easy 
supposition  that  this  varying  sensitiveness  might  be 
due  to  the  varying  amount  of  nervous  filaments  dis- 
tributed over  each  part;  but  the  supposition  is  without 
the  basis  of  anatomical  accuracy.  Valentin  says  that, 
although  the  filaments  at  the  apex  of  the  tongue  are 
more  numerous  than  those  on  the  skin  of  the  bade; 
they  bear  no  corresponding  proportion  to  the  respective 
sensibilities  of  these  parts — the  sensibility  of  the  tongue 
being  fifty  to  sixty  times  greater  than  that  of  the  back.* 
Moreover,  the  part  which  is  eminently  sensitive  to  one 
kind  of  stimulus  is  scarcely  at  all  so  to  another. 

If  we  bring  a  portion  of  this  sensitive  surface  in 
contact  with  an  external  substance,  the  result  will  be 

*  Valevtin  :    Texibooi  qf  Phvnology  (tnulated  by  BBDnox), 
p.  495. 
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a  sensation  of  touch  On  pressing  that  substance  we 
have  the  sensation  of  pressure,  or  of  pain.  If  the 
substance  be  lower  in  temperature,  the  result  is  cold  ; 
if  higher,  warmth;  if  the  difference  of  temperature 
be  considerable,  the  result  is  pain.  Contact  will  also 
give  the  sensation  of  smoothness  or  roughness,  if  the 
object  moving  over  the  skin  be  of  even  or  uneven 
surface. 

Here  we  may  notice  a  cardinal  distinction  between 
the  skin,  and  the  organs  of  special  Sense.  The  same 
portion  of  skin  will  respond  differently  to  different 
stimuli,  or  degrees  of  the  same  stimulus ;  but  each 
organ  of  Sense  can  respond  only  in  one  way,  and  pro- 
duce only  on©  specific  group  of  sensations.  Thus,  while 
the  skin  will  give  us  sensations  so  distinct  as  those  of 
pain,  tickling,  temperature,  or  mere  touch,  the  eye  will 
give  us  only  sensations  of  light,  the  ear  only  sensations 
of  sound,  and  so  on,  no  matter  how  various  the  sti- 
muli may  be.  Hence  the  propriety  of  separating  these 
special  organs  of  Sense  from  the  general  surface, 
although,  strictly  speaking,  they  also  are  parts  of  the 
general  surface  ;  and  indeed  the  first  of  these  organs, 
the  Hand,  has  a  very  slight  degree  of  specialisation,  and 
shares  with  the  whole  surface  its  function  of  Touch. 

IIL  Sense-sensations. — ^These  are  derived  from  our 
Five  Senses.  They  have  five  special  organs  devoted  to 
them,  if  we  include,  as,  for  the  sake  of  following  popular 
conceptions,  it  is  necessaiy  to  include,  the  Hand  as  a 
separate  organ  of  Touch.    We  must  remember,  how- 
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ever,  ihat^  properly  speaking,  Touch  is  not  localised  in 
any  one  special  part  of  the  surface.  We  can  tonch  an 
object  as  well  with  the  foot  as  with  the  hand,  with  the 
nose  as  with  the  finger,  with  the  tongue  as  with  the 
knea  The  hand,  by  reason  of  its  flezibiHty,  enables  us 
to  feel  an  object  rapidly  in  various  ways ;  but  this  is 
its  sole  speciaUty.  The  sensations  it  conveys  are  not 
different  from  those  conveyed  by  any  other  part  of  the  * 
skin ;  nor  are  they  superior  in  intensity  and  variety. 
The  hand  is  notably  inferior  in  delicacy  of  tact  to  the 
tip  of  the  tongue.  Had  not  exact  experiments  demon- 
strated this,  we  should  at  once  admit  its  truth,  on 
recollecting  how,  when  touched  by  the  tongue,  a  cavity 
in  a  tooth  seems  to  be  thrice  as  large  as  it  really  is ; 
because,  being  accustomed  to  estimate  size  by  sensa- 
tions of  touch  from  the  hand,  we  are  misled,  by  the 
greater  sensitiveness  of  the  tongue,  into  the  belief  that 
the  cavity  is  as  large  as  it  would  be  if  the  finger  had 
given  us  such  sensations. 

1.  Touch — ^The  organ  of  Touch,  therefore,  although 
really  coextensive  with  the  whole  sur&ce,  we  may,  for 
convenience,  localise  iu  the  Hand.  I  shall  say  nothing 
of  this  wonderful  organ  here,  but  refer  the  reader  to  ' 
Bell's  delightful  and  instructive  work,  wherein  every- 
thing that  was  then  known  will  be  found  elucidated. 
Nor  is  it  necessary  to  do  more  than  allude  in  pass- 
ing to  the  so-called  "  tactile  corpuscles "  discovered  by 
Meissner,  and  too  readily  admitted  as  "organs  of 
touch''  by  many  physiologists.  These  corpuscles  are 
microscopic  structures  found  in  the  papiUse  of  the  skin 
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on  the  sole  of  the  foot,  palm  of  the  Hand,  and  occasion- 
ally in  the  lips  and  tohgua  There  is  still  great  dispute 
as  to  the  nature  of  these  stmctnres  ;*  and  my  own  very 
limited  acquaintance  with  them  does  not  enable  me  to 
express  a  preference  for  any  one  opinion ;  but  I  feel 
quite  certain  that  they  are  not  tactile  organs,  because 
the  sensations  of  touch  are  as  various  and  delicate  in 
parts  without  these  organs,  as  in  parts  with  them.-|* 

Instead,  therefore,  of  saying  anything  about  the  or- 
gan, we  will  devote  our  brief  space  to  the  sensations 
of  Touch.  The  first  question  which  meets  us  is,  How 
we  localise  our  separate  sensations,  since  the  whole  of 
the  surface  is  sensitive,  and  sensitive  to  nearly  all  the 
same  stimuli  ? 

Every  one  knows  that  we  feel  an  impression  in  the 
sensorium,  to  which  the  nerve  conducts  the  impression ; 
nevertheless,  we  refer  this  impression  to  a  distinct  spot 
on  the  skin,  and  not  indiscriminately  to  any  spot  How 
does  this  localisation  take  place  ?  How  is  it  that  sen- 
sations really  felt  in  the  centre  should  irresistibly  be 
referred  to  the  surface,  so  that  to  an  uninstructed 
audience  it  would  sound  absurd  to  tell  them  their 
fingers  did  not  feel  the  object  which  they  touched? 

*  MSI88NBB ;  JSeiMige  twr  A  not.  und  PhytioL  der  Hawt ;  and  in  Sie- 
bold  und  K&Uiier'i  Zeiitekr\fi,  Ti.  296  ;  KQllixxb  in  the  8ftme  Jonnial, 
iv.  iS ;  and  Oewebdehrey  1859,  p.  106 ;  Huzlet  in  Q^aarierly  Journal  of 
Micros,  Science,  Got.  185S,  p.  1 ;  Funkb  :  Lthrbuch  der  Physiol.  I  580. 
Leydio  in  Mullet's  Arekiv,  1866,  p.  150,  and  Lekrlmeh  der  fftttoUgie, 
p.  68. 

t  S0HI7F  is  ako  of  the  same  opinion.    He  remarks  that  the  hands  of 
the  squirrel  are  without  these  oorpnsoles. 
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The  yonng  iniiuit  has  no  soch  tendency  to  localise 
impreasipnfl.  It  feels  the  sensation  of  a  pin  priddiig 
its  1^,  or  the  lancet  lancing  its  gams,  or  the  fire 
bnming  its  finger ;  bnt  has  not  learned  to  refer  these 
sensations  to  special  localities  It  has  not  yet  con- 
ceived  the  idea  of  externality. 

''The  bdbj  nmr  to  eaiiih  and  wkj. 
What  tnne  his  tender  pahn  is  praat 
^Against  the  circle  of  the  iMvast, 
Haa  nerer  thought  that '  this  is  I.' 

But  as  he  grows,  he  gathers  nrach. 
And  leams  the  use  of  'I  *  and  'me,* 
And  finds  'I  am  not  what  I  see. 
And  other  than  the  things  I  toach.' 

Soroondshe  to  a  separate  mind. 
From  whence  dear  memorj  may  begin. 
As  through  the  frame  that  binds  him  in. 
His  Isolation  grows  defined.**  * 

The  infant  world  is  wholly  subjective.  To  conceiTe 
an  external,  objective  cause  of  its  sensations,  would  be 
more  difficult  for  the  infant,  than  it  would  be  in  after 
life  to  dissociate  the  external  object  from  the  sensation, 
and  to  conceive  sensations  as  nothing  but  states  of  the 
organism.  Only  the  psychologist  can  conceive  that 
heat  is  not  in  the  fire,  hardness  in  stone,  or  sound  in 
the  thunderclap.  We  begin  life  with  a  complete 
ignorance  of  the  external  world ;  as  we  advance,  the 
presence  of  this  external  world  becomes  more  and  more 
obtrusive,  till  we  need  the  aid  of  philosophy  to  reinstate 
the  vanished  conception  of  our  inner  life. 

*  In  Menwnam, 
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The  growth  of  the  tendency  to  refer  all  sensations 
from  within  ontwards,  and  to  localise  them  in  par- 
ticular spots,  depends  on  two  causes :  First,  there  is 
a  difference  in  the  sensations  excited  by  impressions 
on  different  parts — those  on  the  toe  being  somewhat 
unlike  those  on  the  finger,  and  both  unlike  those  on 
the  back  or  face.  These  differences  the  infant  soon 
learns  to  distinguish,  and  learns  to  connect  them  with 
its  experience  of  external  bodies, — which  is  the  second 
cause  in  operation.  The  infant  incessantly  moyiug  its 
arms  and  legs,  brings  them  in  contact  with  objects,  and 
learns  to  connect  the  two  facts — contact  and  sensation— 
by  which  a  dim  conception  of  an  external  ia  reached. 
The  same  object  is  found  to  produce  different  impres- 
sions on  hands  and  feet — ^and  in  time  the  recognition 
of  each  sensation  is  inseparable  &om  a  recollection  of 
the  part  affected. 

It  is  because  we  thus  learn  to  connect  sensations 
with  external  objects,  owing  to  the  incessant  contact  of 
the  surface  with  various  objects,  that  even  the  sensa- 
tions of  our  viscera  are,  so  to  speak,  projected  from 
the  nervous  centres,  and  conceived  as  external  to  the 
sentient  organism  When  the  optic  nerve  is  pressed, 
a  flash  of  light  appears  be/ore  the  eye — that  is  to  say, 
there  where  light  appears  imder  ordinary  circum- 
stances. When  the  ulnar  nerve  is  pressed — at  what 
is  popularly  called  the  "funny  bone'' — a  pricking 
sensation  is  felt  in  the  fingers.  When  the  auditory 
nerve  is  pressed,  sounds  are  heard  which  seem  to  come 
from  without,  like  all  other  sounds.    So  indissoluble 
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is  the  connection  of  sensation  with  some  distant  ^lot 
on  the  snrEnoe,  that  after  an  arm,  or  a  leg;  has  been 
ampntated,  the  ]Nitient  oonBtantly  feeU  sensations  in 
the  lost  fingers  and  toes.  In  vain  experience  contra- 
dicts the  sensation;  in  vain  he  sees  that  his  fingers 
and  toes  are  not  there  to  feel ;  he  feels  them  as  dis- 
tinctly as  ever  he  felt  them  when  thejr  were  parts  of 
his  Uving  body.  Nay,  so  nrgent  is  this  conviction  at 
times,  that  men  have  actoally  had  the  feet  cot  off 
because  of  the  pain  felt  there ;  and  the  pain  still 
Continuing  after  the  feet  were  removed,  they  facvs 
had  the  leg  removed  bom  the  knee ;  this  not  snooeed- 
ing,  they  have  had  the  hip  joint  removed.  Here  the 
seat  of  injury  was  not  in  the  foot,  bnt  the  sensation 
was  referred  to  the  foot.  Schiff  tells  of  a  man  whose 
leg  had  been  cut  off  in  childhood,  and  who  felt  pains 
in  the  toes  of  that  foot  during  the  whole  of  his  sub- 
sequent life :  at  times  he  would  forget  his  crotch, 
spring  up  from  the  sofa,  as  if  both  legs  were  at  com- 
mand, and  only  be  aware  of  his  lameness  when  he  was 
prostrate  on  the  ground. 

Long  after  we  have  learned  to  refer  all  sensations  to 
the  surface,  we  have  but  an  indistinct  conception  of 
the  exact  spot  on  jtihat  surface  where  the  impre^on  is 
made ;  and  throughout  life  we  are  totally  imable  to 
refer  with  any  accuracy  to  the  particular  portions  of 
the  viscera,  back,  neck,  and  legs,  which  are  affected ; 
whereas  the  hands,  feet,  tongue,  and  face  admit  of 
marvellous  nicety  in  this  respect 

Weber  measured  the  relative  sensibility  of  various 
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parts  of  the  surface  by  means  of  a  pair  of  compasses 
the  points  of  which  were  tipped  with  cork.  He  noted 
the  various  degrees  of  distance  at  which  the  two  points 
conld  produce  two  distinct  impressions,  when  the 
patient's  eyes  were  bandaged.  These  measurements 
show  that  the  tip  of  the  tongue  can  distinguish  two 
impressions  when  the  compass-points  are  only  half  a 
line"*  apart ;  the  tip  of  the  finger  when  they  are  one 
line  apart.  Other  spots  yary  still  more  widely ;  for 
example,  the  distance  of  the  lips  is  2  lines,  the  tip  of 
the  nose  3  lines,  the  cheek  5  lines,  palm  of  the  hand 
5  lines,  forehead  10  lines,  back  of  the  hand  14.  lines, 
chest  20  lines,  back  and  thigh  30  lines. 

Sir  William  Hamilton  remarks,  f  that  if  this  experi- 
ment be  repeated  with  a  pair  of  compasses  capable  by 
slight  pressure  of  exciting  a  sensation  of  pricking  or 
scratching,  it  will  be  found  that  there  is  no  corre- 
sponding difference  between  the  parts  in  their  sensi- 
bility to  pain.  On  the  contrary,  in  places  where  the 
sense  of  touch  is  most  alive,  the  sense  of  pain  is  in  the 
first  instance  at  least  deadened,  and  the  parts  most 
obtuse  in  discriminating  the  duplicity  of  the  toudiing 
points  are  by  no  means  the  least  acute  to  the  sensation 
excited  by  their  pressure.  The  tip.  of  the  tongue  has 
fifty  times  the  tactile  discrimination  of  the  arm  ;  but 
the  arm  is  more  sensitive  to  a  sharp  point  applied,  but 
not  strongly,  to  the  skin,  than  either  the  tongue  or  the 
finger,  and  at  least  as  alive  to  the  presence  of  a  veiy 

*  A  line  is  the  12th  of  an  inch. 

*  Haiqlton  :  IHtseriatiomia  Rsm'S  Works,  p.  868. 
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h^xt  body,  a  htir,  or  ftather,  drawn  along  the  sor- 
bee. 

How  much  the  degree  and  kind  of  sensation  in 
TarionB  parts  will  depend  on  the  nature  of  the  ejft- 
dermis  covering  those  parts,  may  be  gathered  firom 
Weber's  experiments  on  patients  who  had  lost  a  por- 
tion of  the  epidermis  bj  bmns.  Hie  sense  of  iotieh 
was  completely  destroyed  in  those  parts ;  the  sense  of 
temperature  was  so  imperfect  that  no  discrimination 
was  possible  between  substances  differii^  so  widely  in 
temperature  as  48^  and  US'* :  the  patient  sometimes 
declared  he  was  touched  with  the  colder  sabstanoe, 
when  in  truth  it  was  the  warmer,  and  vice  vered.  On 
another  occasion,  when  the  substance  was  still  high^ 
in  temperature,  no  sensation  of  warmth  was  felt,  but 
one  of  pain. 

Curiously  enough,  the  right  hand,  which  is  more 
sensitive  to  Touch  than  the  left,  is  less  sensitive  to 
Temperature.  If  the  two  hands  be  dipped  in  two  basins 
of  water  at  the  same  temperature,  the  left  hand  will 
fed  the  greater  sensation  of  warmth ;  nay,  it  will  do 
this  even  when  thermometers  show  that  the  water  in 
the  left  basin  is  really  somewhat  colder  than  that  in 
the  right  basin.  I  suspect  that  with  ''left-handed"* 
persons  the  reverse  would  be  found. 

Having  established  these  two  points — ^first,  that  all 
sensations  are  referred  to  the  sur&ce ;  and,  secondly, 
that  various  parts  of  the  surface  difTer  in  their  degrees 
of  Sensibility — we  shall  now  be  able  to  understand  how 
it  is  that  sensations  come  to  be   accurately  localised. 
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Touch  a  cold  object  with  the  foot^  with  the  hand,  with 
the  ann^  or  with  the  cheeky  and  sensations  of  different 
quality  will  be  felt«  which  experience  readily  recalls  as 
arising  from  those  different  parts.  That  it  is  experi- 
ence recalling  the  past,  and  enabled  to  do  so  by  the 
multiplicity  of  similar  sensations  in  the  past,  is  evident 
from  this,  that  only  those  portions  of  the  body  which 
are  habitually  employed  in  such  service  are  capable  of 
rendering  exact  local  references.  Thus,  let  an  insect 
sting  us  on  the  back,  neck,  arm,  or  leg,  and  we  cannot, 
without  the  aid  of  some  other  guiding  sensation,  place 
our  fingers  on  the  spot,  but  only  near  it ;  whereas  on 
the  face,  tongue,  or  hand  we  can  unerringly  find  out 
the  spot  at  onca  If  the  reader  will  rub  his  finger 
gently  over  the  surface  of  his  hand,  he  will  find  a 
succession  of  sensations,  all  slightly  different,  arising 
in  each  portion  of  the  rubbed  surface  :  let  him  do  the 
same  with  his  arm,  and  he  will  find  the  sensation  is 
almost  continuous.  These  differences  are  registered  in 
the  mind ;  and  it  is  because  different  spots  yield  differ- 
ent sensations  that  we  can  unerringly  refer  each  sensa- 
tion to  its  particidar  spot.  And  thus  we  may  explain 
why  it  is  that  a  sensation  of  temperature  cannot  be 
excited  by  the  application  of  a  hot  or  cold  body  to  the 
trunk  of  a  nerve,  although  the  same  application  to  the 
filaments  of  that  nerve,  distributed  through  the  skin, 
excites  the  sensation :  our  experience  of  Temperature 
is  indissolubly  connected  with  the  peculiar  sensations 
excited  in  the  skin,  and  these  cannot  of  course  be  ex- 
cited where  there  is  no  skin. 
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Before  quitting  this  subject,  it  may  not  be  miinter- 
esting  to  notice  the  familiar  phenomenon  which  suc- 
ceeds pressure  on  the  nenre-trunk  of  the  arm  or  leg, 
and  is  popularly  called  *^pins  and  needles,''  or  ''leg 
asleep."  It  arises  thus:  By  pressure,  for  a  certain 
length  of  time,  the  sensibility  of  the  ner^e  is  greally 
blunted.*  When  this  pressure  is  removed  suddenly, 
the  sensibility  will  gradually  be  revived:  as  eadi 
nerve-fibre,  composing  the  trunk,  returns  to  its  normal 
condition  of  sensibility,  a  pricking  sensation  is  fdt, 
and  the  successive  prickings  from  the  successive 
awakenings  of  the  numerous  fibres  cause  the  **  pins 
and  needles.'' 

There  are  many  other  points  connected  with  ike 
Sense  of  Touch,  but  they  belong  properly  to  the  pro- 
vince of  psychology,  and  we  shall  not  treat  of  them 
here,  having  to  consider  the  other  surfisu^e-sensations. 

2.  The  Sense  of  Taste.  — Tina  is  indubitably  a 
special  sense.  It  has  a  special  apparatus,  and  only 
in  this  apparatus  can  the  sensations  known  as  those 
of  Taste  be  excited  by  savoury  bodies,  and  only  these 
sensations  can  be  excited  in  it  by  electrical  or  me* 
ehanical  stimuli  Instead,  therefore,  of  seeking  for 
the  source  of  these  sensations  in  the  general  surfik^  of 
the  body,  we  have  to  seek  it  in  a  particular  part  of 
the  surface.  What  is  that  part  ?  Ordinaiy  usage  has 
assigned  to  the  tongue  alone  the  function  of  Taste ; 

*  The  phrase  "sensibility  of  the  nerre"  is  used  in  the  text  in  its 
popular  acceptation.  The  reader  is  aware  that!  admit  seniihitity  on]/ 
in  nerre-oentres. 


OBGAH  OF  TASTE.  301 

* 

and  I  think  ordinary  usage  is  here  physiologically 
correct,  in  spite  of  the  disputes  which  have  been^  and 
still  are,  kept  up  by  various  experimenters. 

MUller,  for  example,  maintains  that  the  back  part  of 
the  mouth  {fauces)  is  the  seat  of  this  sense,  which  is, 
however,  more  especially  seated  in  the  tongue*  Valen- 
tin thinks  the  whole  lining  membrane  of  the  mouth,  as 
well  as  the  upper  and  under  surfaces  of  the  tongue,  are 
the  seat  of  this  sense.  And  as  these  are  two  of  the 
most  eminent  names  in  modem  science,  a  great  weight 
necessarily  attaches  itself  to  their  opinions,  lllie  sub- 
ject is  one,  however,  in  which  experiment  is  apt  to  be 
delusive^  unless  excessive  caution  be  employed,  because 
when  a  savoury  body  is  brought  in  contact  with  any 
part  of  the  mouth,  the  dissolved  particles  are  difiEused 
by  the  saliva  through  the  mouth,  and  quickly  come  in 
contact  with  the  nerves  of  Taste.  If,  however,  a  sweet 
or  bitter  substance  be  rubbed  against  the  gums,  the 
palate,  or  the  under  part  of  the  tongue — care  being 
taken  that  the  tongue  does  not  touch  gums  or  palate — 
no  sensation  of  sweetness  or  bitterness  will  ai  first  be 
felt  Soon  afterwards  a  sensation  is  felt,  but  that  arises 
from  the  diffusion  of  the  savoury  particles.  If  the 
tongue  be  allowed  to  touch  the  spot,  the  sensation  wiU 
beinstantaneoua  This  experiment  is  easHy  performed, 
and  its  results  are  uniform* 

For  a  substance  to  be  tasted,  it  must  either  be  in 
solution,  or  be  soluble  in  the  moisture  of  the  tongue^ 

*    The  inTostigatioos  of  Sohibxer,  NimnuUai  de  gtutu  diipiisi' 
iionet,  18Bd,  entirely  confirm  this  view. 
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If  insoluble,  it  excites  a  sensation  of  toach,  bat  not  of 
taste.  The  sensations  of  Taste  may  also  be  excited  by 
mechanical  and  electrical  stimuli — ^by  gases,  or  a  stream 
of  cold  air  ;  which  shows  that  the  quality  of  sweetness, 
sourness,  bitterness,  or  the  like,  depends  on  the  nerre 
affected,  even  more  than  on  the  nature  of  the  substance 
affecting  it.  Thus  Henle  found  that  a  stream  of  cold 
air  directed  upon  the  tongue  gave  rise  to  a  cool 
saline  taste,  like  that  of  saltpetra  Dr  Baly  found 
"that  if  the  end  of  the  finger  be  made  to  strike 
quickly  but  lightly  the  surface  of  the  tongue  at  its 
tip,  or  its  edge  near  the  tip,  so  as  to  affect,  not  the 
substance  of  the  tongue,  but  merely  its  papillse,  a 
taste  sometimes  acid,  sometimes  saline,  like  the  taste 
produced  by  electricity,  will  be  distinctly  perceived. 
The  sensation  of  taste  thus  induced  will  sometimes 
continue  several  seconds  after  the  application  of  the 
mechanical  stimulus."  *  I  have  found  that  active  gar- 
gling with  cold  water  often  produces  a  decided  sweet 
taste,  which  lasts  for  several  seconds;  yet  drinking 
cold  water  will  not  produce  the  slightest  sensation  of 
taste.  And  Stich  has  recently  published  researches  + 
which  prove  that  gases  are  tasted  no  less  than  solu- 
tions. If  the  tongue  be  outstretched,  carefully  dried,  the 
lips  pressing  upon  it,  and  the  nose  stopped,  a  stream  of 
carbonic  acid  gas  directed  upon  the  edges  of  the  tongue 
will  instantly  produce  the  acid  sweet  taste  of  carbonic 
acid ;  whereas  carbonic  acid  may  be  directed  through 
water  for  a  long  while  without  rendering  it  perceptible 

*  MuLLEB's  Physiology^  ii.  1062 ;  Dr  Salt's  note, 
t  See  Canstatt  :  Ja/eretUric/U,  1857,  p.  111. 
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to  taste.  Chloroform  vapour  also  produces  a  taste 
under  similar  circumstances ;  but  if  the  edges  of  the 
tongue  be  coyered,  and  the  vapour  be  directed  on  the 
upper  or  under  surface^  no  taste  is  felt.  That  elec- 
tricity produces  a  sensation  of  taste,  every  one  knows. 
Indeed,  it  was  in  this  veiy  fact  of  taste  arising  from 
the  contact  of  two  metals  in  the  mouth,  that  Volta's 
discovery  originated  ;  and  among  the  marvels  of  sci- 
ence we  may  surely  rank  this,  that  an  observation, 
apparently  so  trivial,  should  have  been  the  starting- 
point  of  a  series  of  discoveries  which  have  changed  the 
whole  body  of  science,  and  have  profoundly  altlered  the 
whole  possibilities  of  industrial  art.  Here,  as  through- 
out the  study  of  Nature,  we  learn  that  nothing  is  tri- 
vial except  to  trivial  minds ;  and  to  trivial  minds  no- 
thing is  important  unless  it  directly  concerns  their 
interests. 

Our  senses  are  the  sentinels  which  guard  us  against 
the  approach  of  danger.  The  sense  of  Taste  warns  us 
against  swallowing  deleterious  substances,  as  that  of 
Smell  warns  us  against  noxious  gases,  and  against 
some  that  are  not  noxious,  while  it  allows  others  to 
pass  which  are  very  injurious.  Indeed,  the  value  of  this 
service  must  not  be  exaggerated,  as  by  many  writers 
it  is,  who  seem  blind  to  daily  fact,  when  they  have  a 
thesis  to  maintain.  The  Senses  are  sentinels  which 
sometimes  sleep,  and  sometimes  allow  an  enemy  to 
pass,  if  the  watchword  be  given ;  and  thus  children 
are  poisoned  by  agreeable  berries,  men  eat  with  great 
relish  substances  which  prove  very  noxious.  "Among 
the  lower  animals,"  says  Dr  Carpenter,  "the  instinc- 
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tive  perceptions  connected  with  this  sense  are  much 
more  remarkable  than  onr  own"' — a  statem^it  which  is 
somewhat  startling,  considering  that  man^s  instinct 
has  enabled  him  to  detect  so  many  eatable  snbstanoes 
which  prove  eminently  beneficial ;  but  the  grounds  on 
which  the  statement  is  made  are  questionable :  ''Thus,"* 
he  continues,  "an  omnivorous  monkey  will  seldom 
touch  fruits  of  a  poisonous  character,  although  thdr 
taste  may  be  agreeable."  *  Agreeable  to  whom  ? — to 
the  monkey  ?  If  the  taste  were  agreeable  to  the  monkey, 
the  poisonous  character  of  the  fruit  would  not  prevent 
his  eating  it ;  if  disagreeable  to  the  monkey,  there  is 
surely  small  marvel  in  his  leaving  it  untouched,  how- 
ever pleasant  the  flavour  may  be  to  anoiker  animaL 

Sensations  of  Taste  are  properly  only  those  of  fla- 
vours. Many  pungent  substances,  such  as  mustard, 
produce  powerful  sensations  ;  but  although  frequently 
classed  among  the  sensations  of  Taste,  these  are  really 
nothing  more  than  irritations,  differing  in  degree,  but 
not  in  kind,  from  those  produced  by  the  same  sub- 
stances on  other  parts  of  the  surface. 

Taste  and  Smell  act  so  constantly  together  that  we 
not  unfrequently  confound  them.  Many  substances 
which  are  considered  eminently  savorous  are  tasteless 
if  the  sense  of  Smell  be  in  abeyance — as  when  the  nose 
is  held,  or  at  the  early  stage  of  a  cold  in  the  head.  The 
bouquet  of  wines  intensifies  their  flavour ;  and  there  is 
no  more  popular  method  of  taking  a  black  draught  than 
that  of  holding  the  nose  till  aD  be  swallowed 

*  Human  PhyfMogyj  p.  696. 
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There  is  another  point  in  which  Taste  resembles 
Smell :  a  moist  surface  is  absolutely  necessary  for 
the  organ  to  become  sentient.  No  substance,  however 
savoury,  can  be  tasted  if  the  tongue  be  perfectly  dry ; 
whereas  gases,  as  we  have  seen,  require  that  the  tongue 
should  not  be  moist  if  they  are  to  produce  a  taste. 

After-tastes  are  sometimes  observed.  They  endure 
long  after  the  substance  which  excited  them  has  been 
removed,  and  modify  the  taste  of  other  substances. 
MUller  remarks  that  after  he  had  chewed  a  piece  of  the 
root  of  sweet-flag  {Aconia  caiamvs),  milk  and  cofiee 
had  a  sov/rish  taste.  The  intensely  bitter  taste  of  tan- 
nin is  followed  by  sweetness.  Every  one  knows  how 
sweets  injure  the  flavour  of  wines,  and  how  some  other 
substances,  such  as  olives  or  cheese,  improve  it  There 
appears  to  be  something  of  the  same  relation  existing 
among  tastes  which  is  observed  among  colours ;  those 
which  are  opposed,  or  complementary,  rendering  each 
other  more  vivid. 

Taste  soon  becomes  blunted,  unless  varied ;  as  the 
sensation  of  colour  becomes  more  and  morQ  indistinct 
the  longer  the  eye  dwells  on  it.  In  illustration  of  this 
there  is  a  familiar  experiment :  a  man's  eyes  are  band- 
aged, and  he  is  made  to  drink  alternately  of  port  and 
sherry ;  at  first  he  readily  distinguishes  the  one  wine 
firom  the  other ;  but  after  a  few  sips  it  becomes  impos- 
sible for  him  to  say  which  is  port  and  which  sherry : 
whereas  if  he  were  allowed  to  eat  a  bit  of  biscuit,  or 
to  drink  a  little  water  from  time  to  time,  he  could  con* 
dnue  distinguishing  each  wine  indefinitely. 

VOL.  n.  2  a 
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"  The  reaction  of  the  sense  of  taste  seems  cafiable  of 
being  excited  also  through  the  medium  of  the  blood, 
in  the  same  way  that  the  sense  of  vision  is  affected,  so 
as  to  produce  flickering  before  the  eyes,  &a,  by  the 
presence  of  narcotic  substances  in  the  drculation.  11 
Majendie  has  observed  that  dogs,  into  whose  veins  milk 
has  been  injected,  lick  their  lips  with  their  tongue,  as 
if  they  tasted  It  is  probable  that  the  sense  of  taste  is 
sometimes  modified,  and  peculiar  sensations  of  taste 
excited  by  internal  changes  in  the  condition  of  the 
nerves;  but  it  is  difficult  to  distinguish  sudi  pheno- 
mena from  the  effects  of  external  causes,  such  as 
changes  in  the  nature  of  the  secretions  bom  the 
mouth."  » 

3.  The  Sense  of  Smell.  —  The  organ  of  Smell  is 
situated  in  the  upper  part  of  the  interior  of  the  nose. 
This  much  is  certain ;  but  the  reader  will  probably  be 
surprised  to  learn  that  serious  doubts  are  permissible 
as  to  whether  the  so-called  Olfactory  nerves  (the  first 
pair)  are  in  truth  olfactory  in  function.  Let  us  first 
take  a  general  view  of  the  parts  supposed  to  contribute 
to  the  sense  of  smell,  as  represented  in  fig.  64,  after 
Sommering. 

From  the  base  of  the  brain  tiiere  issues  on  each  side 
a  long  process,  with  a  bulb  at  thd  end  (a  and  b).  This 
process  is  called  the  Olfactorius.  It  is  now  no  longer 
regarded  as  a  nerve,  but  as  a  portion  of  the  cerebrum. 
It  was  thus  also  that  Galen  regarded  it,  not  on  veiy 
accurate  knowledge,  we  must  admit ;  and  till  the  time 

•  MULLZB :  PkytioL,  IL  1324. 
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of  Willis  this  opinioo  prevailed.    From  Willis  down 
to  onr  owD  day  the  process  was  considered  to  be  the 


olbctor;  setre,  until  microscopic  examination  showed 
that  it  was  not  a  nerve,  but  a  ganglionic  mass.  The 
olfactoty  bulb  {b)  lies  upon  that  part  of  the  skoll  named 
the  cribriform  plat«.  Through  the  holes  in  this  plate 
some  five-and-twenty  smaller  processes,  called  the  olfac- 
tory filsmeots  (jy),  descend,  and  ramify  on  the  mucous 
membrane  of  the  nose. 

To  complete  onr  surrey  of  tlie  organ,  let  us  glance 
at  the  oUier  nerves  which  enter  the  nose.  At  e  we 
obsare  a  twig  of  the  ophthalmic  branch  of  the  fifth 
nerre,  which  has  nothing  to  do  with  the  sense  of 
Smell.  At  c  is  the  fifth  nerre,  and  the  Qasserian  gan- 
glion (f ;  and  at  (2  its  superior  ma^illaiy  division,  send- 
ing off  filaments  which  uiastomoae  with  the  ol&ctoiy 
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filaments.  At  o  there  are  the  twigs  which  supply  the  , 
palate. 

All  these  are  oerves ;  bat  whetlier  the  ol&ctoi;  fila- 
ments are  nerves,  is  not,  to  my  mind,  absolntely  cei^ 
tain;  and  whether  they  have  any  intrinsic  relation  to 
the  sense  of  Smell  is  even  more  dubious. 

If  the  olfactory  filaments  are  really  neires,  they  are 
unlike  erery  other  nerre  in  the  body.  The  bulb  is  a 
ganglionic  mass,  but  the  filaments  which  descend  from 
it  are  unlike  all  other  nerves  issuing  from  ganglia. 
They  are  neither  formed  of  tubular  fibres,  nor  sur- 
rounded with  the  investing  membrane(i)euTilemma],  such 
as  is  found  in  other  nerves,  but  with  a  veiy  different 
membrane.  They  consist  of  a  striped  granular  mass, 
not  of  distinct  fibres.  Nuclei  are  abundantly,  but 
irregularly,  scattered  through  this  mass.  Todd  and 
p.    gj  Bowman  remark,  that 

I  if  these  filaments  be 
compared  with  the 
filaments  of  the  fifth 
nerve,  which  anasto- 
mose with  them,  the 
contrast  will  be  very 
obviona.  Those  ana- 
tomists have  given  a 
representation  of  an 
olfactory  filament  of 
the  do^  which  is  here 
reproduced. 
This  peculiarity  in  the  structure  of  the  olfactory 
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filament  has  been  carefully  investigated/  and  likened 
to  that  of  the  grey  or  geUdinotM  fibres  which  Remak 
first  diBCOTered  intermingled  with  true  nerve-fibres  in 
the  sympathetic  system.  These  grey  fibres,  however, 
are  by  many  recent  anatomists  pronounced  to  be  pecu- 
liar forms  of  connective  tissue,  and  not  nerve-fibrea 
Be  this  as  it  may,*!*  we  must  remember  that  the  grey 
fibres  only  intermingle  with  the  ordinary  fibres;  they 
do  not  constitute  the  whole,  or  greater  part  of  a  nerve; 
so  that,  if  the  olfactoiy  filaments  are  nerves,  they  are 
markedly  difiereiit  from  all  othe^  nerves.  Indeed,  two 
recent  writers,  Seeberg  and  Erichsen,  declare  them  to 
be  formed  of  connective  tissue,  and  not  to  be  nerves. 
Bidder,  their  master,  holds  the  same  opinion. 

There  is  one  fact  which  is  almost  decisiva.  We 
know  that  all  nerves  degenerate  when  the  ganglion 
with  which  they  are  in  connection  is  destroyed.  If, 
therefore,  the  olfactory  filaments  were  nerves,  they 
ought  to  degenerate  after  destruction  of  the  bulb ;  and 
as  they  do  not  degenerate  after  destruction  of  the  bulb, 
it  is  almost  certain  that  they  are  not  nerves. 

Having  thrown  doubts  on  the  nature  of  the  olfactory 
nerves,  I  must  now  proceed  to  throw  doubts  on  their 

olfactory  function.    These  doubts  are  by  no  means  new. 

* 

Majendie  thought  he  had  proved  by  experiment  that 
Smell  persisted  after  the  nerves  had  been  destroyed ; 

*  Todd  and  Bowman:  Phytiol.  AnaU  ii.  8  \  Koluker:  OewebeUkrei 
Letdig  :  Hittologit,  215  ;  Shaspbt  and  Ellis  :  Quaivli  AnaL  iii.  82. 

+  See  EoLLiKSR :  Oevebdehre,  p.  343 ;  Lbtdio  :  HxttologU;  Biddkr 
and  EUFVFSB :  Untenv^diMn,geniiber  dit  Textur  des  Rikkenmarkt,  p.  27. 
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but  his  experimentg  have  been  rejected,  as  proving 
nothing.  Majendie  said  it  would  be  important  to  ascer* 
tain  whether  the  congenital  absence  of  the  oUkcUaj 
nerves  was  coincident  with  the  absence  of  SmelL  ^  I 
do  not  know/'  he  added,  ''  that  any  soch  case  has 
been  observed/'  Hereupon  Longet  replies  withtriomi^ 
''  In  my  Treatise  an  the  Nervous  System,  voL  iL 
p.  38,  may  be  read  cases  reported  by  Schndder,  Bol- 
finck,  Magnemns,  Falmer,  Bosenmtilkr,  Cemtti,  Valen* 
tin,  and  Pressat,  in  which  the  complete  absence  of 
Smell  coincided  with  a  congenital  absence  of  the  ci&c- 
tory  nerves/'  * 

This  answer  seemed  very  condnsive  to  M.  Longet^ 
and  may  seem  so  to  the  reader,  until  he  reflects  that 
the  fact  of  a  fanction  being  absent  at  the  same  time 
that  a  particular  organ  is  absent,  ib  no  proof  of  a  direct 
and  absolute  relation  between  the  two ;  whereas  if  one 
case  can  be  adduced  in  which  the  function  was  present, 
and  this  particular  organ  absent,  that  is  cat^orical 
proof  of  the  function  not  being  dependent  on  the  oigan. 
One  such  positive  would  outweigh  a  hundred  negativea 

Majendie  cited  one  case  in  which  disease  had  en- 
tirely destroyed  the  olfactory  nerves  without  destroy- 
ing the  sense  of  SmelL  But  B^rard,  who  communi- 
cated  the  case,  subsequently  came  to  the  conclusion, 
"  that  the  information  respecting  the  ol&etory  sensi- 
bility of  this  patient  having  been  collected  after  the 
destruction  of  the  nerves  was  ascertained,  it  is  far  from 
reliable,  and,  I  am  convinced,  was  false.'*  f 

♦  LONQET :  TnUg  tU  PhytioL,  fi.  278.  t  Ibid. 
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In  case9  of  disease  we  are  never  certain  as  to  the 
precise  effects,  for  ire  can  never  be  certain  as  to  the 
extent  of  the  organic  interference.  But  in  cases  of 
congenital  deficiency  We  sometimes  meet  with  instruc- 
tive eyidence ;  and  on  this  very  subject  we  can  bring 
forward  one  which  has  all  the  characters  demanded 
by  rigorous  scrutiny,  reported  by  an  authority  of  the 
highest  eminence,  Claude  Bernard  When  he  was 
Majendie's  assistant  at  the  College  de  Trance,  he  com- 
menced the  dissection  of  the  head  of  a  woman  who 
had  died  of  consumption  in  the  hospital  On  opening 
the  skull  he  was  startled  to  find  a  complete  absence  of 
the  olfactory  nerves.  Closer  investigation  showed  that 
in  aQ  other  respects  the  brain  was  of  the  noimal  struc- 
ture, its  membranes  and  vessels  normal,  and  the  ori^ 
gin  of  all  the  other  nerves  perfectly  r^ular ;  but  of 
dfactory  nerve,  or  bulb,  there  was  not  a  trace.  This 
Iras  not  a  case  of  absence  tvom  disease,  but  of  congeni- 
tal malformation.  This  interesting  anatomical  speci- 
men  is  still  preserved  in  the  College  de  France ;  and  a 
figure,  representing  the  brain  and  the  base  of  the  skull, 
is  given  by  M.  Bernard.  * 

In  the  presence  of  such  a  remarkable  &ct  as  thi3» 
M.  Bernard  naturally  sought  its  physiological  interpre- 
tation. He  went  to  the  persons  with  whoni  the  young 
woman  had  lived  for  the  last  six  months,  and  without 
giving  them  any  clue  as  to  the  object  of  his  questions, 
interrogated  them  minutely  respecting  her  modes  of 
life,  and  her  likes  and  dislikes,  taking  especial  care  to 

•  Clauds  BebKaRD  :  SytHmt  Ntrvettx,  ii.  2Slt 
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draw  the  conversatioii  to  topics  whicb  would  elicit 
details  respecting  her  sense  of  smelL  Erom  them  he 
learned  that ''  Marie  found  the  odour  of  tobacco  insup- 
portable/' and  that  "  particularly  in  the  morning,  when 
she  came  into  the  room  in  which  any  one  had  been 
smoking  oyemighti  her  first  act  was  to  open  the  win- 
dow to  let  out  the  impleasant  smell  of  stale  tobacco— 
la  mauvais  odeur  de  pipe  renferm^'*  He  learned 
also  that  she  frequently  complained  of  the  fetid  smdl 
of  a  closet  which  was  near  her  room  ;  and  that  for  sax 
weeks  she  officiated  as  cook,  tastiog  sauces,  &c^  and 
being  rather  distinguished  for  her  skill  at  it 

M.  Bernard  then  went  to  the  man  with  whom  Marie 
had  cohabited  during  four  yeara  He  said  that  Marie 
was  fond  of  flowers^  and  always  smelt  at  them.  In 
hct,  she  tasted  and  smelt  like  every  one  else.  A  third 
person,  who  had  tended  Marie  during  her  last  illness, 
mentioned  in  particular  that  Marie  often  complained  o£ 
impleasant  odoura 

It  is  impossible  to  escape  the  conclusion  that  Marie 
really  did  possess  the  sense  of  Smell,  unless  we  suppose 
a  conspiracy  on  the  part  of  all  these  persons  to  state 
what  they  knew  to  be  false — ^a  conspiracy  as  incredible 
as  it  would  have  been  idle.  Even  assuming  an  exagge- 
ration in  their  statements,  the  particulars  are  such  as 
force  our  belief  that  some  degree  of  Smell  must  have 
been  manifested;  and  the  presence  of  even  a  feeble 
function  in  the  complete  absence  of  the  olfactory 
nerves,  is  enough  to  prove  that  the  function  in  ques* 
tion  cannot  be  that  of  those  nerves.    For  observe,  it  is 
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not  a  case  of  degree  we  have  here ;  it  is  not  a  case  of 
ol&ctory  nerves  partially  destroyed,  or  incompletely 
developed ;  it  is  a  case  of  entire  absence  of  those 
nerves,  ganglion  and  all ;  yet  with  this  entire  absence 
there  is  unequivocal  evidence  of  the  sense  of  Smell 
being  present. 

M.  Bernard  remarks,  that  in  no  case  hitherto  re- 
corded has  the  absence  of  olfactory  nerves  been  pre- 
dicted ftom  the  imperfection  of  the  sense  of  smell,  and 
this  prediction  subsequently  found  to  be  accurate ;  but 
that  after  the  anatomical  fact  has  been  discovered,  men 
have  sought  for  proofs  of  the  absence  of  a  sense  of 
smell  in  what  nurses  or  relatives  could  narrate.  ''  If," 
he  says,  "any  one  case  can  be  shown  me  in  which, 
during  life,  the  physician  has  observed  absence  of  the 
sense,  and  predicted  a  corresponding  absence  of  the 
nerves,  which  prediction  has  subsequently  been  veri- 
fied, I  will  willingly  hold  my  case  to  be  insignificant. 
No  such  case,  however,  exists.''  M.  Bernard  here 
seems  to  me  more  ready  to  concede  the  insignificance 
of  his  case  than  philosophy  justifies.  However  great  a 
presumption  might  be  founded  on  the  successful  pre- 
diction, it  would  still  be  very  far  below  the  value  of 
such  a  case  as  that  recorded  by  him. 

This  inquiry  into  the  organ  of  Smell  has  only  inter- 
est for  the  student ;  the  general  reader  must  pardon 
its  introduction  —  a  pardon  he  can  the  more  easily 
grant,  since  he  has  probably  skipped  the  paragraphs 
devoted  to  the  inquiry.  Enough,  then,  if  we  know 
that  the  mucous  membjane  lining  the  upper  cavity  of 
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the  nose  is  the  seat  of  smeU ;  and  aa  this  part  is  abo 
furnished  with  filaments  fix)m  the  fifth  pair  of  nerves, 
we  may  condnde  that  these  can  serve  the  fnncticm  of 
Smell  as  their  fellows  can  serve  the  function  of  Taste. 

The  odorous  substances  are  very  numerous ;  but  k 
is  indispensable  that  they  should  be  in  a  gaseoog  or 
volatile  condition  before  they  can  excite  the  sensation 
of  smell.  Musk  itself,  powerful  as  is  its  odoriferous 
property,  would  produce  no  sensation  on  the  olfine- 
toiy  organ,  if  applied  to  it  in  a  solid  state ;  nor  can 
liquids  produce  odours  till  they  evaporate.*  Our  dis- 
tinguished chemist,  Mr  Oraham,  contributes  the  follow- 
ing valuable  note  to  Mr  Bain's  work  on  the  Senses  and 
the  Intellect : — 

"  Odorous  substances  are  in  general  such  as  can  be 
readily  acted  on  by  oxygen.  For  example,  sulphuretted 
hydrogen,  one  of  the  most  intense  of  odours,  is  rapidly 
decomposed  in  the  air  by  the  action  of  the  oxygen  of 
the  atmosphere.  In  like  maimer,  the  odorous  hydro- 
carbons are  all  oxydisable — ^the  ethers,  alcohol,  and  the 
essential  oils  that  make  aromatic  perfumes.  The  gases 
that  have  no  smell  are  not  acted  on  by  oxygen  at  ordin- 
ary temperatures.  The  marsh  gas,  carburetted  hydro- 
gen, is  a  remarkable  case  in  point.  This  gas  has  no 
smelL    As  a  proof  of  the  absence  of  the  oxydisable 

*  "  It  throws  some  light  on  the  diversity  of  taste  which  prerails  in 
regard  to  scents,  that  the  same  substance  may  be  agreeable  in  a  dihited 
which  is  offensiTO  in  a  concentrated  state.  The  volatile  oils  of  nttroti, 
thyme,  and  patchouli  are  in  themselves  uapleaaanti  but  when  diluted 
with  a  thousand  times  their  bulk  of  oil  or  spirit,  their  fragrance  is  de- 
lightful "--JoHirsToys  Chmutiy  o/Comnum,  Life,  H.  244,  last  edition. 
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propertf,  Professor  Qraham  has  obtained  a  quantity  of 
the  gas  from  the  deep  mines  where  it  had  lain  for  geo- 
logical ages^  and  has  found  it  actually  mixed  up  with 
free  oxygen,  which  would  not  have  been  possible  if 
there  had  been  the  smaUest  tendency  for  the  two  to 
6ombin&  Again,  hydrogen  has  no  smell,  if  obtadned  in 
the  proper  circumstances ;  now  this  gas,  although  com- 
bining with  oxygen  at  a  sufficiently  high  temperature, 
does  not  oombineat  any  temperature  endurable  by  human 
tissues.  It  is  farther  determined,  that  unless  a  stream 
of  air  containing  oxygen  pass  into  the  cavities  of  the 
nostrils  along  with  the  odoriferous  effluvium,  no  smell 
is  produced.  Also,  if  a  current  of  carbonic  acid  accom- 
panies an  odour,  the  effect  is  arrested.  These  fSM^ts  go 
to  prove  that  there  is  a  chemical  action  at  work  in 
smell,  and  that  this  action  consists  in  the  combina- 
tion of  the  oxygen  of  the  air  with  the  odorous  sub- 
stance.'^ ♦ 

In  few  things  do  human  beings  differ  more  widely 
than  in  their  sense  of  Smell.  Not  only  is  the  acute- 
ness  of  this  sense  markedly  different  in  different  men, 
but  of  tw^uty  men  having  average  susceptibility,  per- 
haps no  two  will  be  found  to  agree  in  considering  the 
sam^  odours  agreeable.  Musk  is  notoriously  very 
offensive  to  many  persons ;  others  do  not  like  mignon- 
ette; some  do  not  recognise  any  odour  at  all  in  a 
flower  considered  very  odorous  by  others.  The  Iris 
pergica  was  found  by  Turner  to  have  a  pleasant  odour 
by  forty-one  out  of  fifty-four  persons,  a  disagreeable 

*  Bain  :  Tke  Senm  and  the  InUlUet,  p.  163. 
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odour  by  one,  and  yeiy  little  scent  by  four  others.  Of 
thirty  persons,  twenty-three  held  the  Anemone  nenuh 
rosa  agreeable  in  its  perfdme,  and  the  other  seren  did 
not  think  that  it  smelled  at  alL* 

The  uses  of  smell  are  important,  and  in  animsla 
mnch  more  so  than  in  man.  It  is  by  smell  that  ihey 
are  guided  to  their  food;  by  smell  they  hunt  their 
prey ;  by  smell  they  recognise  each  friend  or  foe  in  the 
dark  That  we  are  not  endowed  with  such  keenness 
of  scent,  is  probably  owing  to  the  comparatiTely  small 
exercise  of  that  fdnction  in  civilised  Ufa  Having  so 
many  other  avenues  of  sensation,  so  many  other  modes 
of  recognising  objects,  this  one  falls  into  abeyance,  and 
becomes  weakened  from  disuse.  But  in  men  bom  with 
one  or  more  of  the  other  senses  defective.  Smell  ia 
seen  to  be  an  important  avenue  to  the  mind ;  and  in 
savages  the  keenness  of  scent  notorionsly  surpasses  that 
of  civilised  races.  James  Mitchell  was  bom  blind, 
deaf,  and  dumb  ;  yet  by  smell  he  at  once  perceired  the 
entrance  of  a  stranger  into  the  room.  People  who  have 
a  strong  antipathy  to  cats,  detect  their  presence  by  the 
odour  in  circumstances  which  would  be  thought  impos- 
sible. A  lady  in  my  study  one  day  suddenly  remarked 
— "  There  is  a  cat  in  the  room ;"  on  my  assuring  her 
wthere  was  none,  she  replied,  ''Then  there  is  one  in  the 

*  Dbapib  :  Human  Phytiol.,  4S7.  Comp.  also  Mullkb,  it  1317. 
There  ia  a  yaltiable  collection  of  &ct8  with  regard  to  smell  in  Clo- 
QVET,  Otphruiologu,  1S21,  a  wotk  often  cited,  bat  ooe  I  have  not 
■oon. 
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pafisage."  I  went  out  to  satisfy  her ;  there  was  no  cat 
in  the  passage ;  but  on  the  first  landing-stairs^  looking 
through  the  railings,  there,  snre  enough,  was  the  cat  1 

Humboldt,  whose  authority  renders  credible  what 
might  otherwise  seem  questionable,  declares  that  the 
Peruvian  Indians  can,  in  the  dark,  distinguish  by  the 
smell  the  different  races,  European,  American-Indian, 
or  Negro. 

There  is  one  more  point  needful  to  be  noted  here : 
it  is,  that  the  animal  effluvia  are  all  dense  gases  (except 
sulphuretted  hydrogen),  and  are  difiused  slowly.  In 
course  of  a  little  time,  they  will  mingle  with  the 
lighter  gases,  according  to  the  law  of  diffusion,  but 
inasmuch  as  they  thereby  become  diluted,  the  odour 
will  best  be  perceived  somewhere  near  the  ground.  It 
is  on  this  account  that  the  pointer  and  bloodhound 
run  with  the  nose  to  the  ground.  The  unwholesome 
effluvia  of  decaying  matter  will  be  felt  in  l^e  ground- 
floor,  scarcely  perceived  by  the  persons  in  the  first- 
floor,  and  perhaps  not  at  all  in  the  garret  Hence  the 
danger  of  lying  on  the  ground  in  tropical  swamps. 
''  Swung  on  a  tree  fifty  feet  high,  one  may  pass  the 
night  safely." 

4.  The  Seme  of  Hearing. — The  sensations  of  sound 
are  quite  special,  and  are  only  capable  of  being  ex-^iir..  - 
cited  in  a  special  orgaji,  the  Ear.    This  organ  is  very    \ 
complicated,  and  as  the  functions  of  its  various  parts 
have  not  yet  been  fdl  ascertained,  it  would  lead  us  into 
unnecessaiy  detail  were  we  here  to  examine  its  stmc- 
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tuie  minntdy.  Beferring  Uie  atodcait  to  haaiaaaai 
Tmteni,*  we  will  emlearoor  to  Teauler  tbe  general 
fitractnre  i&tdligible. 

He  foUowJng  figures  lepteaeot  a  eectiou  of  U>e 
awUtoiy  organ,  Bomewhat  magnified  in  lespect  to  the 
deeper  stractnrea  They  are  copied,  with  alteratitms, 
from  Milne  Edwarda : — 

Fig.  6fl. 


The  ear-bones  remored  from  this  figure  are  exhibited 
magnified  in  Fig.  67. 

"  TorfBES:  PkilM.  JVonj.,  18El!  TODD  ukd  Bowmu :  PkgtM 
Aiat.,  ii,;  Sbabpkt  •nd  Elub:  Qtaia'i  AniA,  iii.;  Kolliter: 
OtmAilihTi,  ISGS;  CoRti  iaSmou)  II.  Eolukkb:  JEnteArt/t,  ISSI, 
IH,    la  HiiUJtB'a  FUgtiolegf,  Um  abapter  on  tka  Beow  of  Heariiie  it 

rerjr  eilukiuUTa.      havaxe,  aiao,  ii   wotUl  oooaaltiiiK :    Traill  dt 
Phyi.,  ii. 
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The  esBentJal  part  is,  of  course,  the  anditoi;  neire, 
nnmeroos  miuate  filaments  of  wbiott  are  distribut- 
ed ova  the  membrane  which  Fig.  er. 
lines  the  spiral  chamb^s  a£ 
tlie  Labyrinth,  or  internal  ear. 
This  membrane  is  a  sac,  en- 
closing liquid.    It  is  ^so  sur-  ] 
ronnded  hf  liquid,  which  in-^ 
terrones  between  it  and  the 
bony  w^ls  of  the  spiral  cham- 

bera.  The  impression  of  the  vibrations,  produced  in 
tiiis  liquid,  on  ihe  anditoiy  filaments,  causes  the  sen- 
sation cf  Boond. 

How  are  these  vilH^tions  produced  1  When  bodies 
are  struck,  vibrations  are  commnnicsted  to  the  atmo- 
sphere. These  reach  the  oztemal  ear.  A  mechan- 
icid  contrivance  of  great  simplicity,  which  has  been 
imitated  in  the  ear-trumpet,  collects  and  concentrates 
the  vibrations  on  the  membrane  of  the  tympanum  (or 
middle  ear).  The  membrane  has  been  likened  to  the 
skin  stretdied  across  a  drum. 

According  to  popular  conceptions,  the  pulsations  of 
air  upon  tbis  membrane  stretched  across  the  tympanum 
are  the  causes  of  the  sounds  we  hear.  This  is  a  mis- 
take. A  drum  is  silent  if  its  skin  be  burst ;  becanae 
the  skin  is  the  vibrating  surface  of  tbe  drum.  'But  the 
ear  is  not  a  drum,  and  the  membrane  of  the  tympanum 
may  be  bnrdi,  not  only  without  destruction  of  hearing 
but  in  some  cases  with  a  terrible  increaae  in  suscep- 
tibility to  sounds.    CSieseldffli  destroyed  both  mem- 
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branes  in  dogs,  and  found  they  were  terriSed  at  all 
loud  sounds ;  and  there  is  a  case  on  record  of  a 
man  with  a  hole  in  his  tympanttin,  to  whom  the 
whistling  of  another  man  in  an  adjoining  room  was  in- 
tolerable. 

Nevertheless,  we  must  bear  in  mind  that  the  vibra- 
tions of  this  membrane  are  really  of  great  aasistanoe  in 
hearing ;  and  it  is  found  that  a  thickening,  or  stiffening 
of  it,  or  even  unusual  diyness,  will  render  hearing  dnlL 
Many  a  temporary  dea&ess  has  passed  away  after  the 
ear  has  been  well  syringed  with  warm  soap-and-water. 
According  to  a  yaluable  memoir  by  Dr  Edward  Clarke, 
an  American  physician,  the  membrane  plays  a  more 
important  part  than  physiologists  have  been  willing 
to  admit  Against  the  facts  cited  above  may  be  placed 
his  observations  of  seventy-five  cases  of  perforated 
membranes :  of  these,  in  five  cases,  the  tick  of  a  watch 
was  not  heard;  in  eleven  others  it  was  only  beard 
when  the  watch  was  close  to  the  ear ;  in  twenty-three 
others  only  at  a  distance  of  five  inches  from  the  ear ; 
in  sixteen  others  only  at  a  distance  varying  from  six 
inches  to  a  foot ;  in  fifteen  others  at  a  distance  of  one 
to  two  feet ;  and  in  four  cases  at  two  to  four  feet ; 
whereas  in  the  ordinary  condition  of  the  ear  the  tick  is 
heard  at  fourteen  or  fifteen  feet.*  These  observations 
are  valuable,  but  I  would  call  attention  to  a  source  of 
fallacy  in  them.  It  ia  forgotten  that  a  man  with  one 
perforated  tympanum  has  still  the  other  ear  unaffected, 

•  Clabke:    American  JowTial  qf  Medteal  Scimee,  1858,  p.  18; 
abstracted  in  Browk-SbQUABD's  Jowmal  de  laPkyt,,  i  044. 
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and  with  this  other  ear  he  ought  distinctly  to  recognise 
the  tick  of  a  watch  anywhere  within  fourteen  feet  If 
he  does  not,  there  must  be  some  other  cause  besides 
the  perforation  of  one  tympanum. 

The  elastic  membrane  stretched  across  the  drum  of 
the  ear  is  easily  set  vibrating  by  waves  of  air*  These 
vibrations  are  communicated  to  the  chain  of  little  bones^ 
called  respectively  the  maUeua,  or  hammer  (directly 
attached  to  the  membrane),  the  incus,  or  anvil,  and  the 
stapes,  or  stirrup,  which  is  attached  to  the  oval-shaped 
membrane  stretched  across  an  opening  into  the  laby< 
rinth,  and  called  thefenesira  ovaiis.  On  the  other  side 
of  this  oval  membrane,  and  jSlling  the  cavity  of  the 
labyrinth,  are,  1st,  the  liquid,  and,  2d,  the  membranous 
saC)  on  which  ramify  the  auditory  filaments,  previously 
described.  Thus  is  a  communication  established  be- 
tween tho  vibrations  of  an  external  body,  say  a  violin 
string,  and  the  vibrations  of  the  membrane  ccmtaining 
auditory  filaments.  Sonorous  waves  first  agitate  the 
tympanic  membrane,  which  agitates  the  little  bones, 
which  agitate  the  labyrinthine  liquid,  which  agitates 
the  labyrinthine  membrane,  and  here  presses  on  the 
nerve-filamenta  The  process  is  really  more  compli- 
cated than  this ;  but  this  is  a  general  outline,  which 
must  suffica 

The  character  of  the  sensation  produced  will  of 
course  greatly  depend  on  the  nature  of  the  impres- 
sion, whether  rapid  or  slow,  intense  or  delicate.  There 
are  three  physical  peculiarities  in  the  donorous  vibra- 
tions. 

VOL.  n.  2  b 
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1^.  Intensity,  or  loadness  and  feebleness  of  aoond. 

2^.  Pitchy  or  the  note  sounded. 

3^  Quality,  as  vhen  the  same  note  is  sounded  on 
different  instroments,  as  the  piano  or  the  violin,  the 
flute  or  the  organ. 

An  ear  may  be  very  susceptible  to  mere  intensity  of 
sound,  noise,  and  little  so  to  pitch  or  quality  The  mi- 
musical  ear  seems  almost  incapable  of  discriminating 
between  two  soimds  differing  only  in  pitch ;  and  there 
are  great  individual  varieties  in  the  susceptibility  even 
to  pitch.  Thus  the  cry  of  a  bat  is  so  acute  as  to  be 
inaudible  to  some  persons, — passing  out  of  their  range. 
It  has  been  said  that  the  deepest  note  audible  by  the 
human  ear  is  one  produced  by  32  vibrations  in  a 
second ;  but  M.  Savart's  experiments  prove  that  sounds 
produced  by  14  vibrations  in  a  second  are  audibk 
The  acutest  note  au<&ble  is  one  produced  by  48,000 
vibrations  in  a  second* 

What  is  the  difference  between  a  musical  and  an  un- 
musical ear?  It  resides  in  this :  Thatthe  musical  earis 
sensitive  to  the  distinction  between  a  noise  and  a  note. 
'*'  A  musical  note  is  in  itself  a  harmony,  being  the  equal 
tuning  of  successive  vibrations  or  pulses.  It  is,  in  a 
minute  or  microscopical  subdivision,  the  same  effect  as 
equality  of  intervals,  or  time,  in  a  musical  performance ; 
although  the  one  may  be  a  thousand  beats  in  a  second, 
and  the  other  not  more  than  two  in  the  same  tima^'f 

The  effect  of  music  on  our  emotions  is  an  exaltation 

*  MULLXB :  Phenology,  ii.  1299. 
t  Baxs:  J%e  Semes  and  th$IntiUeet,^m, 
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of  the  effect  which  all  sounds  produce,  especially  tones. 
The  influence  exercised  by  the  voice  of  an  actor  or  an 
orator,  far  transcends  that  which  the  mere  mecming  of 
his  words  would  excite ;  and  if  we  disengage  the  mind 
from  all  influence  of  meaning — as  when  a  foreigner 
speaks  in  a  language  unintelligible  to  us — ^we  shall 
appreciate  this  powerful  effect  of  tone.  The  speech 
which  roused  an  audience  to  extravagant  enthusiasm^ 
may  be  read  by  people  unacquainted  with  the  speaker, 
and  therefore  Incapable  of  even  faintly  imagining  the 
tones,  with  complete  calmness,  and  discriminating  criti* 
dsm ;  nay,  even  the  audience  may  subsequently  read 
with  calmness  the  speech  which  they  heard  with  rapture. 
Hence  it  is  that  great  orators  can  never  be  fairly  ap- 
preciated by  those  who  have  not  heard  them.  And  we 
may  also  observe  that  this  personality  of  the  speaker 
has  often  gained  a  reputation  in  society  for  wit,  or 
eloquence,  or  capacity,  which  amazes  those  who  have 
only  the  printed  wit,  or  wisdom,  oH  which  to  found 
their  judgment 

It  is  notorious  that  children  and  animals  are  affected 
by  our  voices,  when  qidte  incapable  of  understanding 
the  meaning  of  our  words.  It  is  notorious  also  that 
the  meaning  of  a  phrase  maybe  diametrically  changed, 
by  repeating  the  phrase  with  a  slight  variation  in  the 
tone ;  and  it  is  this  which  constitutes  one  of  the  ini- 
quities  of  those  who  repeat  to  us  what  has  been  said 
behind  our  backs.  The  phrase  may  have  been  careless 
or  insignificant,  but  the  tone  in  which  it  is  repeated 
may  make  it  a  wound. 
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WhsiaieeaSledmljective  scnmds — t.«L  those  sensalioiks 
of  soniid  wliidi  have  no  external  cause — depend  upon 
a  pressure  of  blood-vessels  on  the  aaditoij  nenre.  All 
students  know  the  singing  in  the  ears  which  accom- 
panies overwoik  of  the  brain ;  and  all  persons  who 
have  attended  reviews,  or  made  long  and  noisy  jomnejs 
in  rattling  vehicles,  will  remember  the  continuance  of 
the  sounds  long  after  the  original  cause  had  ceased. 

"A  sudden  noise  excites  in  persons  of  excitable 
nervous  system  an  unpleasant  sensation,  like  that  pro- 
duced by  an  electric  shock  throughout  the  body,  and 
sometimes  a  particular  feeling,  in  the  external  ear. 
Various  kinds  of  sounds,  such  as  the  friction  of  psfer 
or  scratching  of  glass,  cause  in  many  people  a  dis- 
agreeable feeling  in  the  teeth,  or,  indeed,  a  sensation  of 
cold  trickling  through  the  body.  Intense  sounds  are 
said  to  make  the  saliva  collect  in  the  mouth  in  some 
people."* 

One  of  the  marvels  of  hearing  is  the  appredalion  of 
the  direction  from  which  sounds  proceed.  Sensations 
of  Touch  are  referred  to  particular  spots,  only  after 
multiform  experience  of  the  difference  in  the  degree  of 
the  sensations  excited  in  various  spots.  It  is  the  same 
with  hearing.  We  judge  of  the  distance  and  direction 
of  the  sound  by  the  kind  of  impression  produced.  The 
rambling  of  a  waggon  in  the  street  is  thus  often  mis- 
taken for  distant  thunder,  or  the  distant  thunder  is 
mistaken  for  the  rumbling  of  a  waggon.  The  voice  is 
known  to  proceed  from  above,  or  below,  or  behind  us, 

•  MULLEB,  ii  1311. 
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solely  by  the  Hnd  of  impression  produced.  How 
delicate  is  the  susceptibility  to  shades  of  difference, 
may  best  be  illustrated  by  the  wonderful  accur^u^y 
with  which  blind  men  thread  their  way  aloi^  crowded 
streets :  not  only  do  they  learn  to  recognise  the  difr 
ferent  kind  of  persons — ^policeman,  porter,  or  gentleman 
— by  the  sound  of  the  tread,  but  they  learn,  it  is  said, 
to  recognise  the  difference  between  a  man  standing 
stiU,  and  a  lamp-post  at  a  short  distance,  simply  by 
means  of  the  reverberations  of  their  own  footsteps. 

5.  The  Sense  of  Sight.  —  Although  that  objective 
something,  whatever  it  may  be,  which  we  call  Light, 
affects  the  whole  general  surface,  and  in  some  ^.Tiimftlfi 
excites  very  appreciable  evidences  of  Sensibility,  yet 
it  is  only  through  the  Betina  that  it  is  capable  of 
causing  that  specific  sensation  we  call  Sight.  When 
rays  fall  upon  the  eyeless  Poljrpe,  or  Actinia,  they  cause 
it  to  move  towards  them,  or  away  from  them — they 
affect  it ;  but  not  with  the  sensation  of  light;  when 
they  fan  upon  the  optic  nerve  they  produce  no  sensa- 
tion of  light ;  but  when  they  fall  upon  the  retina,  and 
through  it  affect  the  optic  nerve,  the  special  sensation  of 
light  is  produced.  That  it  is  not  the  object — undulating 
ether,  or  luminous  corpuscle — ^which  gives  this  specific 
quality  to  the  sensation,  but  the  condition  of  the  optic 
apparatus  itself,  is  evident  from  the  fact,  that  pressure 
or  irritation  of  the  optic  nerve  also  produces  the  sen- 
sation of  a  flash  of  light. 

It  is  obvious  that  if  the  whole  of  this  retina  were 
exposed  directly  to  the  light,  the  whole  surface  would 
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3^  Manhood  is  a  sort  o£  table-land  of  life,  but  its 
limits  are  very  variabla  In  it  the  body  does  not  in- 
crease, except  in  solidity  and  vigonr.  The  balance  of 
waste  and  repair  is  tolerably  even. 

4^  Old  Age,  —  The  balance  begins  to  lean ;  the 
movement  of  Assimilation  slackens,  and  Death  slo^y 
advances.  The  limits  of  this  epoch  are  the  most  vari- 
able of  alL 

These  Ages  are  the  Cycles  of  Change  through  which 
every  organism  must  inevitably  pass,  if  it  be  not  earher 
destroyed,  and  they  are  therefore  inseparable  from  our 
conception  of  Life.  We  have  seen  how  each  epoch  varies 
in  duration,  and  we  can  understand,  therefore,  how  the 
whole  of  each  life  will  vaiy  one,from  the  other;  so  that 
although  it  is  possible  to  assign  the  limits  for  the 
race,  this  can  only  be  done  as  an  average, — ^we  can 
never  know  what  will  be  the  duration  of  an  individual 
lifa 

And  here  it  may  be  well  to  point  out  a  common  error 
in  works  which  treat  of  Longevity,  and  one  which  is 
explicitly  stated  by  Flourens,  the  latest  writer  on  that 
subject*  It  is  that  of  supposing  the  duration  of  life 
to  be  measurable  by  beats  of  the  pendulum.  We  are 
told  that  the  normal  length  of  life  for  a  human  being 
is  one  hundred  years ;  and  that  if  the  majority  of  men 
,  die  earlier,  it  is  because  accident,  disease,  or  impru- 
dent habits,  have  shortened  the  tenn.  The  aigument 
rests  on  the  fallacy  that,  because  some  men  reach  the 
age  of  one  hundred,  all  men  would  reach  it  were  there 
not  disturbing  causes  {des  causes  trotMantes) ;  but  in* 

*  Flourenb:  Jk  la  LongtviiS  Bumauu,    1855. 
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The  re&actmg  hxunonrs  are  as  fbllows : — 

L  The  Aqueous  (10)  is  the  watery  humour  con-> 
tained  within  the  cornea. 

II.  The  CrystaUme  (12)  forms  the  lens. 

IIL  The  VU7-eou8  (1 3),  or  glassy,  fills  the  bnlk  of  the 
globe,  and  is  enclosed  in  a  delicate  membrane  called 
the  hyaloid. 

In  these  pa):ts,  only  the  Setina  and  the  Choroid  coat 
are  concerned  in  producing  the  sensation  of  Sight. 
The  rest  of  the  apparatus  is  entirely  optical,  and  sub- 
serves the  purpose  of  throwing  images  on  this  sensitive 
apparatus.  K  we  suppose  an  animal  to  possess  an  eye 
destitute  of  this  optical  apparatus,  and  having  only  a 
layer  of  pigment  and  a  layer  of  nervous  matter,  we 
shall  conclude  it  to  have  luminous  sensations,  but  no 
images ;  it  can  distinguish  light  from  darkness,  but 
has  none  of  the  wondrous  vision  of  higher  animals.* 

Two  questions  present  themselves,  What  are  visual 
images,  and,  Where  are  they  formed?  The  old  philor 
sophers,  following  Democritus,  beUeved  that  objects 
were  continually  throwing  off  attenuated  images^ 
eidola — of  themselves ;  these  entered  the  soul  through 
the  avenues  of  sense.  This  naive  material  conception 
was  in  time  replaced  by  one  less  material,  but  less 
intelligible,  namely,  that  the  mind  perceived  objects 
through  the  medium  of  ideas,  which  were  exact  copies 
of  objects.  This  conception  was  displaced,  and  the 
direct  perception  of  the  things  themselves,  without  any 
medium  of  ideas,  was  substituted  for  it    Throughout 

*  Compare  SeorSicU  StudUt,  p.  842. 
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the  course  of  metaphysical  specidation,  no  one  hesitated 
to  believe  that  images  of  some  kind  were  formed  in 
the  eye,  as  in  a  mirror,  and  thence  ''transmitted  to  the 
mind.''  The  fact,  now  fismiliar,  that  images  can  be  seen 
upon  the  retina  of  an  animal,  as  in  amirror,  seemed  to 
place  this  belief  b^ond  disputa 

How  many  physiologists  and  philosophers  of  the  pre* 
sent  day  really  entertain  this  notion  of  images  being 
transmitted  to  the  brain,  it  is  difScnlt  to  say,  because 
ordinary  language  is  so  impregnated  with  the  old 
conception,  that  men  who  have  long  jejected  it  as  an 
hypothesis  may  still  use  it  as  a  metaphor.  We  must 
be  on  our  guard  against  such  metaphors.  Eren  on  the 
supposition  that  images  are  formed  on  the  retina^  as  die 
final  condition  of  the  sensitiye  stimulus — as  the  cauee 
of  the  sensation — ^these  images  cannot  be  transmitted 
ct8  images  to  the  brain.  That  which  is  transmitted  is 
an  excitation  of  the  Neurility  of  the  optic  nerve,  which 
will  excite  the  Sensibility  of  its  centre ;  or  in  more  un* 
technical  language,  it  is  the  sensation  which  is  trans* 
mitted,  not  the  image.  The  optical  apparatus  which 
converges  the  rays  of  light  into  definite  images  may  be; 
and  is,  indispensable  for  the  proper  excitation  of  definite 
sensations ;  as  the  acoustic  apparatus  of  a  pianoforte  is 
indispensable  for  the  production  of  those  tones  which 
in  the  ear  will  excite  musical  sounds :  a  succession  of 
waves  of  light  will  produce  no  images  without  such  an 
apparatus,  any  more  than  a  succession  of  waves  of  air 
will  produce  musical  chords. 

The  formation  of  an  image  on  the  retina  is  the 
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precursor  bf  a  visual  sensation ;  but  this  image  is  not 
transmitted  to  -  the  brain.  The  oxidation  of  a  yolatile 
substance  is  the  precursor  to  an  olfactory  sensation ; 
but  this  oxidation  is  not  transmitted,  to  the  brain.  The 
destruction  of  tissue  which  is  the  precursor  of  a  sensation 
of  a  bum  is  not  transmitted  to  the  brain.  That  which 
is  in  each  case  transmitted  is  the  excited  sensation. 

For  centuries  metaphysicians  have  been  misled  by 
the  notion  that  the  idea  of  an  object  is  a  copy  of  that 
object — an  imaga  The  source  of  the  feJlacy  is  their 
having  taken  vision  as  their  standard.  If  it  seemed 
plausible  to  say  that  the  image  seen  of  the  fire  is  an 
accurate  copy  of  the  fire,  the  plausibility  vanished  when 
the  pain  of  a  bum  was  the  sensation  spoken  of*  When 
I  see  a  rose,  my  eye  is  affected ;  when  I  smell  it,  my 
nose  is  affected;  when  I  touch  it,  my  fingers  are 
affected :  these  three  sensations  are  entirely  different ; 
yet  how  can  I  be  entitied  to  assume  that  the  eye  gives 
me  a  more  accurate  copy  of  the  rose,  than  the  hand  or 
nose  gives  me? 

Moreover,  as  regards  the  formation  of  images  on  the 
retina,  it  is  necessary  to  be  borne  in  mind,  that  wher- 
ever the  image  is  formed,  it  has  to  be  decomposed  before 
it  becomes  a  sensation.  And  this  leads  us  to  the  second 
inquiry.  Where  are  images  formed?  The  usual  answer 
is.  On  the  retina.  But  there  is  every  reason  for  believ- 
ing that  the  retina  is  not  the  sensitive  surface — ^not 
the  analogue  of  the  photographer's  iodised  plate.  As 
this  will  probably  surprise  the  reader,  we  may  pause 
a  while  to  consider  the  evidence. 


330  ODB  BEMSES  jUID  SKKSATI0K8. 

The  retiiia  is  not  simply  an  expansum  of  Uie  optic 
nerre ;  it  is  that,  and  Bomething  else ;  it  has  a  Tciy 
complex  strnctara    The  optic  nerve,  on  entering  the 
globe  of  the  eye,  expands,  and  forms  a  layer  of  fibres ; 
pifr.  OS.  andemeath  Has  layer,  and  foiming 

i  part  of  the  retina,  there  is  a  layer 
of  matter  generally  supposed  to  be 
nervons,  bnt  declared  by  some  re- 
^  cent  histologists  to  be  nothing  of  the 
',  kind.      The   accompanying  figure, 
copied  &om  KoUiker,  represents  tlie 
'  appearance  of  the  retina  in  a  ttaus- 
Teise  section,  as  seen   onder  (be 
^"h^^^SS^^"'  microscope.* 
"itoSti^''  m™K^e  -  ^      ^^^  "^^  perceive  a  layer  of  fibres 
SSSS^^^i".i;^^  (d).  beneath  this  a  Uyer  of  large 
«u/;/,g^niu:iMl!  cells  (e),  beneath  this  layers  of  gran- 
i,  *,  ™u  Mid  coDu.      Tiles  {f.  A),  united  by  radial  fibres  to 
the  cells ;  and  beneath  this  again  a  layer  of  perpendi- 
cular rods  and  cones  (i,  k),  formerly  known  as  Jacob'a 
membran&   All  these  layers  are  radially  connected ;  so 
that  the  nerve-fibre  is  said  to  pass  downwards  from 
the  inner  sur&ce  of  the  retina  to  the  pigment  layer  of 

*  It  D»y  nve  gome  trouble  and  Tsution  to  the  itodent  who  desin* 
to  inTeatigate  this  i&uature.  It  he  leam  that  the  appearance  tbn* 
figured  will  probably  never  be  leen  bj  him  in  any  one  BwiticnL  After 
maldng  at  1«a>t  flfl7  attempts  in  vain,  I  learned,  in  Getmaaj,  that 
UUller  himself,  who  Giat  deaoribed  it,  profeued  nerer  to  Lbtb  aeen  the 
whole  ia  any  one  preparation ;  bia  picture  waa  made  up  b;  oombioation 
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the  choroid.  It  is  generally  held  by  modem  anato- 
mists that  these  rods  and  cones  are  the  real  perci- 
pients of  light :  from  these  the  impression  is  trans- 
mitted to  the  cells,  and  thence  to  the  fibres  of  the 
optic  nerve. 

It  was  hinted  just  now  that  the  nervous  charac- 
ter of  the  retina  was  under  question,  only  the  fibres 
of  the  optic  nerve  being  admitted  by  some  writers  to 
have  that  character.  The  doubt  came  from  the  Dor- 
pat  school,  and  was  at  first  hotly  disputed.*  The 
question  is  too  abstruse  to  be  argued  here,  but  there 
is  one  experiment,  which,  if  confirmed,  I  should  con- 
sider decisive.  The  reader  knows  that  when  a  nerve 
is  separated  from  all  connection  with  ganglionic  sub- 
stance, it  d^enerates ;  but  so  long  as  any  fibres  are 
united  with  ganglionic  substance,  they  surviva  Now 
the  cells  found  in  the  retina  are  held  to  be  ganglionic, 
and  indeed  resemble  those  of  the  brain.  If  they  were 
ganglionic,  they  would  preserve  the  fibres  of  the  optic 
nerve  with  which  they  were  connected.  Here,  then, 
experiment  may  pronounce,  and  has  pronounced.  Leh- 
mann  divided  the  optic  nerve  of  a  dog,  and  twenty 
days  afterwards  examined  the  retina — he  found  ordy 
the  layer  of  optic  fibres  degenerated;  and  as  these 
were  not  protected  by  the  cells,  the  conclusion  is  that 
the  cells  are  not  ganglionia    Thus  the  whole  of  the 

*SeeBLESSia:  2)e  refuuv  j^rvdwro,  1855 ;  Caitstatt:  JdhreabencM, 
1855 ;  Bidder  und  Eijpffeb  :  Textur  det  Rikienmarks,  p.  27 ;  Funks  : 
Physiologie,  L  711 ;  Koltjkkr  :  Oewebdehrt;  Lbtdio:  Hittologit, 
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retina^  except  the  optic  fibres,  is  held  to  be  coimeo- 
tive  tissue.* 

Let  this  question  be  decided  as  it  may,  the  point  for 
our  present  consideration  is  this^  that  the  sor&ce  of  the 
retina  which  is  sensitive  to  light,  is  not  the  sur£ace  on 
which  the  rays  first  impinge — not  the  layer  of  optic 
fibres — ^but  the  inner  sur£BU^,  which  is  in  immediate 
contact  with  the  pigment  layer.  A  moment's  con- 
sideration wiU  now  make  it  evident  that  images  cannot 
be  formed  on  the  retina^  as  they  are  on  the  receiving* 
screen  of  a  camera  ludda.  In  the  first  place,  we  must 
remember  that  during  life  the  retina  is  transparent  as 
glass.  The  rays  of  light  will  consequently  pass  through 
it,  as  through  glass,  and  will  be  arrested  by  the  black 
pigment  on  which  they  impinge.  In  the  second  place, 
it  is  certain  that  the  optic  fibres  are  insensible  to  light 
There  is  a  blind  spot  in  every  eye,  which  may  be 
proved  by  the  following  experiment :  Fix  a  red  wafer 
against  the  wall,  close  one  eye,  and  slowly  retreat  fix>m 
the  wall,  looking  steadfastly  at  the  wafer :  on  reaching 
a  certain  distance,  the  wafer  will  suddenly  vanish  from 
sight.  If  you  now  take  a  step  backward,  or  a  step  for- 
ward, the  wafer  then  becomes  visible ;  but  always  at 
that  particular  distance  where  the  rays  converge  so 
as  to  throw  the  image  on  one  spot  of  the  retina^ 
the  wafer  is  invisible.  Now  this  blind  spot  is  none 
other  than  the  spot  where  the  optic  nerve  enters  ihe 

*  Lbhmank  :  JSxpenmetUa  queedam  de  neroi  optiet  dmeeti  ad  rwUnm 
Uxhiram  vi  et  ^ectu,  1857.  Cited  by  Henlb  :  BeridU  Uber  AnaL,  1858, 
p.  162. 
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eye,  and  where,  conseqnently,  nothing  bnt  nenre-fibrefi 
exist 

If,  therefore,  the  retina  is  directly  insensible  to  lights 
the  rays  of  which  necessarily  pass  through  it  to  be  ab« 
sorbed  by  the  pigment  layer,  we  have  to  inquire  how  thd 
ifetina  becomes  affected  by  the  light  after  impinging  on 
the  pigment  That  the  pigment  is  really  the  part  first 
affected,  and  that  the  retina  is  secondarily  affected 
through  this  pigment,  i^eems  to  me  demonstrable  &om 
the  fact  that  in  the  invertebrate  animals  the  pigment 
layer  is  ixx  front  of  the  retina,  not  behind  it,  as  in  ver- 
tebrates, consequently  the  rays  of  light  must  first  affect 
the  pigment;*  and  no  one  will  suppose  that  images 
can  be  formed  on  a  transparent  substance,  if  the  light 
first  falls  on  a  black  surface  covering  the  transparent 
substance. 

But  what  is  the  nature  of  the  effect  on  the  pigment 
Fhen  the  light  has  traversed  the  retina?  Here  Pro^ 
fessor  Draper  comes  to  our  aid.  Franklin,  he  reminds 
us,  placed  variously -coloured  pieces  of  doth  in  the 
sunlight  on  the  snow.  They  were  so  arranged  that 
the  rays  should  fall  on  them  equally.  After  a  certain 
period  he  examined  them,  and  foimd  that  the  black 
doth  had  mdted  its  way  deeply  into  the  snow,  the  yel- 
low to  a  less  extent,  and  the  white  not  at  all  The 
conclusion  Franklin  drew  has  since  been  abundantly 
confirmed,  namely,  that  surfaces  become  warm  in  exact 
proportion  to  the  depth  of  their  tint,  because  the  darker 
surface  absorbs  the  greater  amount  of  ray&    Applying 

*  The  point  is  argued  in  Sw-Side  Stndiet,  p.  847-52. 
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this  to  the  eye,  Professor  Draper  maintains  that  the 
black  pigment  layer  is  the  real  optical  screen.  Its  per- 
fect opacity  causes  it  to  absorb  the  rays  of  light,  tam- 
ing them  into  Iieat  An  image  is  thus  burnt  in  upon 
the  retina  "The  primary  effect  of  rays  of  light  npon 
the  black  pigment  is  to  raise  its  temperature,  and  this 
to  a  degree  which  is  in  relation  to  their  intensity  and  in- 
trinsic colour.  In  this  local  disturbance  of  temperature 
the  act  of  vision  commencea"*  In  the  blind  Crustacea 
there  is  no  pigment ;  and  in  Albinos,  whose  vision  is 
very  imperfect,  the  pigment  is  of  a  lighter  colour  than 
ordinary. 

The  conclusion  at  which  we  have  arrived  is,  that  the 
optical  apparatus  of  the  eye  is  necessaiy  for  the  forma- 
tion of  definite  images  on  a  sensitive  surfiEuse,  which 
would  otherwise  be  indefinitely  stimulated.  These 
images,  or  rays  of  light,  pass  through  the  retina^  and 
impinge  on  the  black  pigment,  in  which  they  cause  a 
change  of  temperature  exactly  proportionate  to  the 
intensity  and  intrinsic  colour  of  each  ray.  This  ehange 
of  temperature  acts  upon  the  inner  layer  of  the  retina, 
the  rods  and  cones;  which  in  turn  stimulates  the 
Neurility  of  the  outer  layer,  the  fibres  of  the  optic 
nerve ;  and  this  Neurility  awakens  the  Sensibility  of 
the  optic  ganglion,  which  may  or  may  not  awaken 
that  of  the  brain.  How  fsa  this  is  from  the  doctrine 
of  "images  transmitted  to  the  brain"  need  not  be 
pointed  out 

Our  conclusion   further  elucidates  the  subjective 

*  Drapes:  Evman  Pkytiology,  p.  887. 
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nature  of  vision.  We  can  no  longer  suppose  tliat  we 
see  the  objects  themselves.  Our  visual  sensations  are 
simply  excited  states  of  our  sentient  organism.  Hence 
it  is  not  more  wonderful  that  a  man  whose  eye  was 
extirpated  should  perceive,  when  the  other  eye  was 
closed,  different  images,  such  as  lights,  circles  of  fire, 
dancing  figures,  &c.,  floating  in  front  of  the  eyeless 
orbit,  than  that  a  man  whose  leg  had  been  amputated 
should  feel  distinct  prickings  in  the  absent  toes.  The 
fact  that  luminous  sensations  are  excited  ordinarily  by 
the  action  of  the  retina,  but  also,  exceptionally,  by  in- 
ternal causes  irritating  the  optic  centre,  enables  us  to 
imderstand  spectral  illusions.  It  is  well  known  that 
persons  suffermg  from  bndn  disease,  or  disturbance  of 
cerebral  drculation,  have  seen  spectral  objects  with  a 
vividness  equal  to  that  of  actual  vision.  A  black  cat 
is  seen  to  run  up  the  wall ;  a  person  is  seen  to  enter 
the  room  ;  and  no  assurance  of  the  bystanders  to  the 
contrary  will  persuade  the  patient  that  what  he  sees  so 
vividly  is  not  actually  present 

At  the  Leeds  Meeting  of  the  British  Association, 
Professor  Stevelly  narrated  the  following  anecdotes : — 

At  the  close  of  the  last  college  session  he  had  been 
in  weak  health,  and  had  gone  out  to  his  brother-in- 
law's  seat  in  the  country  for  a  few  weeks.  While  there, 
he  had  become  greatly  interested  in  the  economy  and 
habits  of  the  bees.  '*  One  morning,  soon  after  breakfast, 
the  servant  came  in  to  say  that  one  of  the  hives  was 
just  beginning  to  swarm.  The  morning  was  a  beauti- 
fully dear,  sunny  one,  and  I  stood  gazing  at  the  in- 
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sectfl^  as  ihej  appeared  projeeled  against  the  \m0it 
tkjf  rapidly  and  uneasily  coursing  hither  and  thither 
in  most  carious  yet  regolar  oonfdsion,  the  drones  mak- 
ing a  humming  noise  much  londer  and  diarper  than 
the  workers,  from  whom  also  they  were  easQy  distin- 
guished by  their  size ;  but  all  appealing  mnch  hargs 
in  their  rapid  flights  than  their  true  size.  In  the 
eyening,  as  it  grew  dark,  I  again  went  out  to  see  the 
beehive,  into  which  the  swarm  had  been  collected, 
removed  to  its  stand ;  soon  after  I  was  much  sorprised 
to  see,  as  I  thonghty  multitudes  of  Luge  flies  coursing 
about  in  the  air.  I  mentioned  it  to  my  8ister-in-law« 
who  said  I  most  be  mistaken,  as  she  had  never  seen  an 
evening  on  which  so  few  flies  wereabroad.  Soon  after, 
when  I  retired  to  my  chamber,  and  knelt  to  my  prayers 
before  going  to  rest,  I  was  surprised  to  see  coursing 
back  and  forward,  between  me  and  the  wall,  what  I 
now  recognised  as  the  swann  of  bees,  the  drones  qoite 
easily  distingqishable  from  the  workers,  and  all  in 
rapid  whirling  motion  as  in  the  morning.  This  scene 
contiiiued  to  be  present  to  me  as  long  as  I  remained 
awake,  and  occasionally  when  I  awoke  in  the  nighty 
nor  had  it  entirely  fetded  away  by  next  night,  althon^ 
much  less  vivid  This  was  the  first  instance  I  had  ever 
heard  of  moving  impressions  having  become  pennan- 
ently  impressed  on  the  retina,  i^or  can  I  give  the 
slightest  guess  at  the  machis  operandi  of  the  nerva 
Notices  of  fixed  impressions,  particularly  after  haying 
been  dazzled,  are  now  common  enough.  The  Bev.  Dr 
Scoresby,  at  the  late  meeting  at  Liveri>ool,  had  given 
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a  detailed  accotmt  of  some  irhich  had  presented  them- 
selves  to  him ;  and  a  very  carious  on^  had  occurred  to 
me  some  years  since.  I  ytsib  walking  down  the  streets 
of  Belfast  with  Sir  John  MacneiU,  the  eminent  engi- 
neer, when  he  said  to  me  —  'What  has  become  of 
my  old  Mend  Qreen  who  kept  that  shop  ?  I  see  new 
people  have  got  it/  Turning  suddenly  to  look  at  the 
shop  indicated,  I  was  completely  dazzled  by  the  bright 
reflection  of  the  son  shining  on  the  new  brass-plate 
under  the  window  of  the  shop,  so  that  for  some  seconds 
I  could  see  nothing.  As  we  walked  on,  I  soon  ob- 
served  before  me  in  the  air  the  words  '  J.  Johnstone 
&  Co.,'  in  blood-red  characters,  which  soon,  however, 
changed  to  other  colours.  With  an  exclamation  of 
surprise  I  stated  the  fact,  and  we  turned  bade  to  see 
whether  or  not  this  was  really  the  inscription  on  the 
brass-plate,  and  found  that  it  was.  The  optical  ac* 
count  of  this  was  simple  enough.  The  retina  had  been 
partially  paralysed  fix)m  the  intense  light  reflected  from 
the  plate,  but  as  I  had  turned  with  pain  from  it  in- 
stantly, the  part  corresponding  to  the  black  letters  on 
the  plate  had  escaped ;  and  as  I  walked  on,  the  red 
strong  light  reflected  from  surrounding  objects  on  this 
part  became  contrasted  with  the  darkness,  as  yet  show- 
ing itself  on  all  the  surrounding  parts  of  the  disordered 
retina :  as  the  retina  recovered  its  tone,  other  colours 
in  succession  took  possession  of  the  place  which  at  first 
had  been  red.  Sir  J.  Macneill  then  told  me  that  when 
first  he  had  gone  to  reside  in  London,  a  murder  had 
been  found  out  by  a  similar  circumstance.  The  mur- 
VOL.  n.        •  2  c 
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derer,  tben  unknown,  bad  been  dazzled  hj  tbe  reflec- 
tion of  the  son  from  a  bucket  of  water  which  anoth» 
num  was  carrying  before  him ;  and  soon  after  seeing  in 
the  air  what  he  took  for  a  bndcetfol  of  blood  going 
before  him,  he  was  seized  with  snch  horror  that  he  de- 
clared himself  the  murderer,  and  disclosed  sach  &eis 
as  brought  the  crime  home  to  him,  so  that  he  was  con- 
victed and  executed.^ 

These  curious  cases  are  doubtless  referable  to  differ- 
ent causes.  In  the  first  and  third,  we  hare  the  effiect 
of  suggestion  acting  on  an  over-excited  brain,  and  pro- 
ducing a  spectral  illusion,  similar  to  that  of  mania^  ox 
dreaming.  In  the  second,  we  have  simply  the  effect  of 
the  duration  of  a  sensation.  It  is  well  known  that  a 
sensation  endures  some  time  after  the  cessation  of  the 
actual  impression.  According  to  Plateau,  the  sensa- 
tion endures  about  l-35th  of  a  second  after  the  im- 
pression has  ceased.  But  this  duration  must  of  course 
vary  with  the  intensity  of  the  impression.  If  we  look 
at  the  moon  and  close  our  eyes,  the  image  will  vanish 
much  more  rapidly  than  the  image  of  the  sun  under 
similar  circumstances.  If  we  fix  our  eyes  on  the  panes 
of  a  window  through  which  the  sunlight  is  streaming, 
the  image  of  the  panes  will  continue  some  seconds  after 
closure  of  the  eyea 

It  would  be  pleasant  and  profitable  to  enlarge  on  this 
subject  of  ocular  spectra,  were  there  space  at  disposal ; 
but  we  have  still  more  pressing  topics  to  which  we 
must  address  ourselves.  There  is,  for  instance,  the  in- 
teresting and  often-mooted  problem  of  how,  with  two 
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eyes  directed  to  a  single  object,  we  har^e  only  one 
image,  and  not  two.  Soth  eyes  are  equally  capable  of 
seeing ;  both  retinas  are  certainly  aJFected  by  the  ob- 
ject ;  both  eyes  can  alternately  be  directed  towards  it, 
and  see  it ;  yet  when  both  are  simnltanebusly  directed 
towards  it,  only  one  image  is  seen,  only  one  sensation 
is  perceived.  Many  explanations  have  been  offered  of 
this  paradot ;  but  I  think  they  have  all  failed,  because 
they  have  all  been  sought  in  a  wrong  direction.  A  few 
years  ago  I  proposed  an  explanation,  which  still  seems 
to  me  the  only  one  consistent  with  what  is  known  of 
the  other  senses.  Instead  of  seeking  an  anatomical  or 
optical  cause,  it  seemed  to  me  that  we  ought  to  seek 
a  psychological  cause.  Instead  of  trying  to  explain 
single  vision  as  the  result  of  the  decussation  of  the 
optic  nerves,  or  of  those  optical  principles  which  Pro- 
fessor Wheatstone  has  made  familiar  by  his  stereo- 
scope, let  us  first  ascertain  whether  the  fact  to  be  ex- 
plainec^  is  peculiar  to  the  sense  of  sight  ?  To  ask  this 
question  is  to  answer  it  If  we  have  two  eyes  and 
single  vision,  we  have  also  two  ears  and  single  hearing, 
two  nostrils  and  single  smelling.  The  mere  citation  of 
such  facts  suffices  to  overthrow  all  the  anatomical  and 
optical  explanations.  The  cause  must  lie  elsewhere ; 
and  must  be  common  to  all  sensations. 

Inasmuch  as  the  object  affects  both  eyes  simuUane- 
ously,  and  with  eqiud  intensity,  it  cannot  produce  two 
sensations,  but  only  one  sensation.  Simultaneousness 
of  two  impressions  renders  them  indistinguishable 
from  each  other.    Let  two  sounds  of  precisely  similar 
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And  now,  reader,  we  have  reached  the  end  of  onr 
toilsome,  but,  let  me  hope,  not  profitless  jonmey. 
There  are  many  other  questions  of  interest  and  im- 
portance which  the  physiologist  has  to  study,  but 
they  do  not  fall  within  the  range  of  common  in- 
terests, and  must  therefore  be  omitted  from  these 
pages.  My  object  was  thus  explained  in  the  original 
prospectus : — 

"  No  Scientific  subject  can  be  so  important  to  Man 
as  that  of  his  own  life.  No  knowledge  can  be  so  inces- 
santly appealed  to  by  the  incidents  of  eveiy  day,  as  the 
knowledge  of  the  processes  by  which  he  lives  and  ads. 
At  every  moment  he  is  in  danger  of  disobeying  laws 
which,  when  disobeyed,  may  bring  years  of  suffering, 
decline  of  powers,  premature  decay.  Sanitary  re- 
formers preach  in  vain,  because  they  preach  to  a 
public  which  does  not  understand  the  laws  of  life — 
laws  as  rigorous  as  those  of  gravitation  or  motion 
Even  the  sad  experience  of  others  yields  us  no  lessons, 
unless  we  understand  \hQ  principles  involved.  If  one 
man  is  seen  to  sufier  from  vitiated  air,  another  is  seen 
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nose,  the  two  impressioiis  will  be  siiniiltaiieous,  and 
only  one  sensation  will  be  felt 

Another  interesting  question  is,  Why  objects  are  not 
seen  inverted?  It  is  demonstrable,  on  optical  prin- 
ciples, that  the  image  of  an  object  formed  on  the  retina 
must  be  inverted.  Why  then  do  we  not  see  it  so  ?  Here 
again  the  question  is  psychological,  not  optical  If  aU 
objects  are  inverted,  the  relative  position  of  each  will 
be  unchanged  ;  when  all  are  inverted  there  can  be  no 
perception  of  their  inversion :  it  is  as  if  none  were  so. 
It  is  In  our  own  sensations  we  must  seek  for  top  and 
bottom.  We  learn  to  associate  certain  sensations  with 
certain  relative  positions.  ''  An  object  seems  to  us  to 
be  up  or  dowil  according  as  we  raise  or  lower  the  pupil 
of  the  eye  in  order  to  see  it ;  the  very  notion  of  up 
and  down  is  derived  from  our  feelings  of  movement,  and 
not  at  aU  from  the  optical  image  formed  at  the  back  of 
tiie  eye.  Wherever  this  image  was  formed,  and  how- 
ever it  lay,  we  should  consider  that  to  be  the  top  of 
the  object  which  we  had  to  raise  our  eyes  or  our  body 
to  reacf  • 

Among  the  remarkable  phenomena  connected  with 
vision  is  that  of  au  inability  to  distinguish  certain 
colours  and  shades  of  colour,  which  recent  investiga- 
tions have  proved  to  be  much  more  frequent  than  was 
suspected.-|*  Dalton,  the  celebrated  chemist,  published 
an  account  of  his  own  infirmity  in  this  respect,  and  the 
name  of  ^'  Daltonism ''  was  for  a  long  period  given  to 

*  Bain  :  5rke  Senses  and  the  Intellect,  p.  238. 
i*  WiLBOZr :  Researckes  on  Coiowr-Blindness, 
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How  far  this  object  has  been  attained,  the  reader 
must  judge ;  but  I  have  received  such  cheering  and 
generous  encouragement  from  the  profession  and  the 
public,  during  the  course  of  monthly  publication,  as 
fully  to  repay  the  great  pains  and  labour  bestowed  on 
the  work ;  and  I  now  part  from  it,  and  the  reader,  with 
reluctance  and  regret 
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this  is  remarkable — ^that  those  colours  which  to  ordin- 
ary vision  are  most  strongly  contrasted,  are  more  fre- 
quently confounded  by  the  colour-blind  than  the  inter- 
mediate tints. 

In  closing  here  our  necessarily  imperfect  survey  of 
the  great  subject  of  our  Senses  and  Sensations,  the 
chief  points  of  which  have  alone  been  noticed,  it  will 
be  needless  to  indicate  the  deep  psychological  interest 
which  attaches  to  such  inquiries,  since  every  one  is 
aware  of  the  strange  blending  of  Thought  in  the  act 
of  Perception.  We  fancy  that  we  see  the  solidity  of  an 
object,  when  in  truth  we  infer  it ;  we  say  *'  we  heard 
thunder,'^  when  all  that  we  heard  was  a  sound,  which 
we  inferred  to  be  the  sound  of  thunder.  The  other 
day,  during  a  country  walk  with  a  Mend,  the  sound 
of  horses'  hoofs  behind  us  reached  our  ears,  imacoom- 
panied  by  any  voices.  Presently  the  riders  passed  us, 
and  I  remarked  to  my  companion :  "  It's  very  odd,  but 
I  was  convinced  that  there  were  two  women  and  a 
man  on  horseback  behind  us,  and,  sure  enough,  there 
they  are."*  My  companion  declared  he  had  formed  the 
same  conjectura  This  conjunction  of  our  inferences 
made  it  improbable  that  it  should  have  been  mere 
vague  fancy — a  guess  without  justifiable  grounds  ;  and 
I  began  to  consider  what  could  have  been  the  indica- 
tions which  led  us  both  to  form  it'  All  that  we  had 
to  infer  from  was  the  sound  of  horsea  In  what  could 
that  suggest  the  sex  of  the  several  riders  ?  Do  women 
ride  diflferently  from  men  ?  Yes :  they  canter,  men 
trot    The  sound  of  two  cantering  horses  accompany- 
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ing  the  sound  of  a  trotting  horse,  soggestad  that  two 
women  were  ridmg  with  one  man.  I  mij  fordier 
remark  that  neither  of  ns  had,  to  onr  knowledge,  ever 
noticed  the  fact,  aa  distinctiTe  of  women's  riding ;  we 
must  hare  noticed  it,  and  silently  registered  it  in  onr 
minds^  otherwise  the  somid  would  not  have  aoggested 
the  sex  of  the  riders :  bnt  we  had  nerer  taken  distinct 
cosmsance  of  it ;  and  had  we  been  asked  if  there  was 
any  peculiarity  by  which  the  sound  of  a  horsewoman 
could  be  distinguished  from  that  of  a  horseman,  it  is 
most  probable  that  we  should  haye  been  unable  to 
specify  it. 

finally,  I  would  call  attention  to  the  psychological 
imp(»*tance  of  that  vast  class  of  sensations  which  has 
been  termed  Systemio-consdousnessi,  and  which  psy- 
chologists and  physiologists  have  so  strangely  n^lected 
They  have  given  to  the  Sense-Sensations  an  almost 
ezdusiye  part  in  the  formation  of  our  sensational 
activity,  and  often  spoken  of  the  mind  as  a  mere 
educt  of  the  Five  Sensea  The  most  striking  example 
of  this  is  seen  in  Condillac's  famous  statue,  which  is 
endowed  successively  with  each  of  the  five  senses,  and 
with  each  endowment  developes  gradually  a  complete 
mind.  Monstrous  as  this  hypothetical  statue  is^  it  is 
only  a  logical  development  of  the  conception  that  mind 
is  the  combination  of  the  five  senses.  In  these  pages 
an  attempt  has  been  made  to  show  that  Mind  is  the 
psychical  aspect  of  life — ^that  it  is  as  much  the  sum 
total  of  the  whole  sensitive  organism,  as  life  is  the 
sum  total  of  the  whole  vital  organism — ^that  various 
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organs  may  be  set  apart  for  the  performance  of  various 
special  functions,  mental  as  well  as  vital,  but  that  no 
one  exclusive  organ  of  Mind  can  be  said  to  exist,  any 
more  than  one  exclusive  organ  of  Life  can  be  said  to 
exist.  The  reader  may  reject  this  view,  which  is  sub- 
mitted to  him  as  the  result  of  many  years'  meditation, 
and  with  that  hesitation  which  naturally  belongs  to  an 
'  opinion  incapable  of  proof ;  but  he  is  not  at  liberty  to 
reject  the  fact  that,  over  and  above  the  sensations  de- 
rived through  our  five  Senses,  there  is  a  vast  class  of 
sensations  derived  through  the  Muscles  and  Viscera, 
sensations  not  less  specific,  not  less  important,  than 
those  of  eye  or  ear :  he  is  not  at  liberty  to  reject  this, 
because  it  is  capable  of  proof,  as  rigorous  as  the  proof 
of  the  existence  of  Sight  or  Taste. 


CHAFTER   XI. 

SLEEP    AND    DREAMS. 

What  is  deep  ?— Sleep  and  Death — Charaoteristics  of  deep— Iiraab- 
tible  nature  of  the  demand  for  sleep — Stoiy  of  Dr  Solander— Sleep 
under  control — Heat  and  'cold  predisposing  causes — Duration  of 
sleep — Instances  of  refreshment  from  "forty  winks"  —  Sleep  of 
children  and  old  people — Is  sleep  the  period  of  repair  ? — Error  of  the 
ordinary  opinion— Influence  of  sleep  on  the  organism — A  new  theory 
of  dreaming. 

"  Our  little  life  is  rounded  with  a  sleep.''  The  toils 
and  anxieties,  the  schemings  and  excitements  of  the 
day,  all  merge  in  Sleep,  which  brings  peace  and  reno- 
vation  to  mind  and  body.  The  fretful  child  cries  itself 
asleep ;  in  sleep  the  weary  man  loosens  his  oyerstmng 
faculties ;  the  wretched  man  forgets  his  miseiy.  Nearly 
a  third  part  of  our  lives  is  passed  in  sleep,  which,  for 
all  the  active  purposes  of  life,  is  a  blank 

I.  Sleep.— What  is  Sleep?  We  do  not  know.  We 
can  only  say  that  it  is  a  condition  belonging  to  almost 
oveiy  animal  organism  (at  any  rate,  to  every  organism 
pessessing  a  high  nervous  development),  which  seems 
naturally  brought  about  by  the  activities  of  that  organ- 
mn,  and  which,  in  some  unexplained  manner,  helps  to 
reinstate  exhausted  energy  of  brain  and  musda    What 
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is  called  the  sleep  of  plants  has,  I  coBceive,  only  a 
superficial  analogy  with  the  sleep  of  animals,  and  is 
.  altogether  dependent  on  totally  dissimilar  processes. 
The  phenomena  of  sleep  are  restricted  to  the  brain 
and  higher  senses;  there  can  be  no  sleep  where  these 
are  absent. 

It  is  not  difficult  to  decide  whether  a  man  is  asleep, 
or  dead,  or  swooning,  or  in  a  state  of  coma,  or  in  a 
profound  reverie.  Artfully  as  he  may  feign  to  be  asleep, 
observers  will  soon  detect  the  feint;  not  because  we 
know  what  sleep  is,  but  because  we  know  the  many 
invariable  signs  of  sleep.  This  is  very  much  the  posi- 
tion in  which  Physiology  stands  with  reference  to  the 
problem  of  sleep.  Certain  phenomena  have  been  well 
observed,  but  the  organic  condition,  or  sum  of  con- 
ditions, on  which  these  depend,  remains  so  entire  a 
mystery,  that  we  cannot  even  venture  on  a  tolerable 
definition  of  Sleep.  Let  us,  therefore,  leave  it  unde- 
fined, and  be  content  with  noticing  some  of  its  leading 
characteristics. 

Look  at  that  child :  wearied  with  play,  ne  has  thrown 
himself  upon  the  ground,  and,  resting  a  flushed  cheek 
upon  one  arm,  he  lies  there  breathing  equably,  with 
motionless  limbs,  eyes  closed,  brain  shut  out  from  the 
lights  and  noises  around  him.  If  you  touch  his  hand, 
he  will  withdraw  it ;  if  you  tickle  his  cheek,  he  wiU 
impatiently  turn  his  head  aside ;  but  even  should  he 
turn  his  whole  body  round,  he  will  not,  perhaps,  open 
his  eyes — will  not  know  who  it  is,  or  what  it  is,  that 
molests  him ;  he  will  not  awake.  Hb  mind,  engaged 
in  dreams,  is  disengaged  from  external  things :  they 
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may  make  impressions  on  him,  excite  sensations  in  him, 
but  these  sensations  are  not  wrought  up  into  know- 
ledge. 

His  senses  are  dormant,  or  but  feebly  active,  and  his 
brain  is  occupied  with  dreams;  his  limbs  are  motion- 
less,  his  fingers  relax  their  grasp,  and  the  musdes  of 
his  neck  no  longer  support  his  head  But  the  heart 
beats  vigorously,  and  pumps  the  blood  incessantly  all 
over  the  body,  the  chest  expands  and  contracts,  the 
stomach  and  intestines  digest,  all  the  secretions  are 
going  on. 

We  thus  perceive  how  veiy  superfidal  is  the  analogy 
of  Sleep  and  Death,  supposed  by  the  ancient  mythology 
to  be  brothers,  and  even  by  modems  supposed  to  re- 
semble each  other  so  closely  that  Death  is  called  an 
eternal  sleep.  But,  strictly  speaking,  there  is  not  only 
no  true  antagonism  between  Sleep  and  life,  there  is 
not  even  an  antagonism  between  Sleep  and  Waking.  In 
Death,  all  the  activities  peculiar  to  the  vital  organism 
cease ;  in  Sleep  they  aU  continue :  and  if  some  of  them 
are  more  languid  and  intermittent  than  during  the 
waking  hours,  and  if,  in  consequence  of  this  languor, 
their  mutual  action  and  reaction  are  modified,  this  will 
constitute  a  difference,  but  not  an  antagonism.  Sleep 
is  a  form  of  life,  not  a  cessation  of  lifa  Indeed,  Gri- 
maud,  Brandis,  Fessel,  Buffon,  Burdach,  and  probably 
other  physiologists,  have  declared  Sleep  to  be  the 
normal  condition  of  Life,  out  of  which  it  periodically 
passes  into  the  waking  condition;  and  certainly  the 
whole  of  the  Ufe  of  the  embryo  is  passed  in  sleep :  nor 
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does  the  infant,  daring  the  first  months  after  birth,  keep 
awake  for  more  than  brief  periods ;  sleep  is  to  it  the 
role,  and  waking  the  exception. 

It  would  perhaps  be  more  consistent  with  all  our 
ideas  to  consider  both  Sleep  and  Waking  as  normal 
conditions  of  the  vital  organism,  which  periodically 
succeed  each  other. 

After  this  surrey,  can  we  decide  on  any  one  charac- 
teristic which  would  serve  as  the  sign  of  Sleep  ?  The 
motionlessness  of  the  limbs  will  not  serve  us,  for  limbs 
are  motionless  in  coma»  in  repose,  or  in  feigned  sleep, 
and  they  are  active  in  somnambulism.  Nor  will  the 
stillness  of  the  mind  and  senses  serve  us,  for  the  mind 
is  indubitably  active  during  dreams,  and  quiet  during 
coma ;  while  the  senses  are  ahnost  as  heedless  of  im- 
pressions during  reverie.  As  we  think,  walk,  and  talk 
during  sleep,  it  is  dear  that  sleep  must  be  some  con- 
dition which  permits  all  forms  of  vital  activity,  though 
not  all  the  ordinary  combinations. 

The  impossibility  of  specifying  any  one  character- 
istic, disposes  us  to  adopt  Sir  Henry  Holland's  view, 
that  "  sleep  is  not  a  unity  of  state,  but  a  series  offlv/> 
tucding  conditions,  of  which  no  two  moments  are  per- 
haps strictly  alike."  *  This  renders  it  intelligible  that 
men  are  known  to  sleep  on  horseback,  soldiers  to  sleep 
while  marching,  and  village  minstrels  while  playing  to 
inde&tigable  dancers.  It  is  a  rapid  oscillation  between 
sleeping  and  waking.  The  muscles  are  in  constant  acti- 
vity, and  the  Sensibility  is  sufficiently  active  to  respond 

*  Holland,  Chapters  on  MexUU  Fkytioloffy,  p.  81. 
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to  delicate  stimtilL  I  can  see  no  reason  for  adopting 
the  ordinary  explanation  of  these  actions  during  sleep, 
namely,  that  they  are  "  automatic/'  or  "  secondarily 
automatic/'  if  by  these  terms  sensation  is  meant  to  be 
excluded  (as  it  always  is  meant).  On  the  oontraiy,  it 
seems  dear  that  in  each  case  a  suspension  of  the  Sen- 
sibility would  be  followed  by  a  cessation  of  the  actions. 
The  muscular  sensibility  must  be  excited,  otherwise  the 
reins  would  fall  from  the  relaxed  grasp  of  the  rider,  the 
musket  would  fall  from  the  hands  of  the  soldiar,  and 
the  fiddle  from  the  hands  of  the  minstrel  This  would 
at  once  cause  them  to  wake  up  in  alann ;  or,  if  the 
stupor  had  become  too  intense,  the  men  themselTes 
would  fall  The  better  explanation  is  that  of  Sir  Heniy 
Holland :  "  At  every  moment,  the  mind  lapses  into  a 
dozing  state,  from  which  the  loss  of  the  balance  of  the 
body  as  frequently  and  suddenly  arouses  it  Neither 
the  sleep  nor  the  waking  consciousness  is  perfect,  but 
the  mind  is  kept  close  to  an  intermediate  line,  to  eadi 
side  of  which  it  alternately  passes.  No  such  line,  how- 
ever, really  exists;  and  it  is  merely  a  rapid  shifting  to 
and  fro  of  conditions  of  imperfect  sleep  and  imperfect 
waking,  giving  curious  proof  of  the  manner  in  which 
these  states  graduate  into  one  another." 

**  Watch  again,"  he  continues,  "  the  loss  of  voluntary 
power  in  a  person  sinking  quietly  into  sleep — how 
gradual  it  is — ^how  exact  a  measure  of  the  state  coming 
on.  An  object  is  grasped  by  the  hand,  while  yet  awake ; 
it  is  seen  to  be  held  less  and  less  firmly,  till  at  last  all 
power  is  gone,  and  it  falls  away.   The  head  of  a  person 
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in  a  sitting  posture  gradually  loses  the  support  of  the 
muscles  which  sustain  it  upright ;  it  droops  by  degrees, 
and  in  the  end  falls  upon  the  chest  Here  again  we 
have  proof  of  the  rapidity  with  which  the  loss  and 
recovery  of  voluntary  power  may  alternate  on  the  con- 
fines of  sleep.  The  head  falls  by  withdrawal  of  power 
from  particular  muscles.  The  slight  shock  tJhence 
ensuing  partially  awakens  and  restores  this  power, 
which  again  raises  the  head 

"  The  gradual  changes  which  occur  in  the  perceptions 
from  the  senses,  while  sleep  is  comiug  on,  afford  the 
same  curious  notices  of  the  condition  of  the  mind  in 
its  relations  to  the  world  without.  The  sight,  the 
hearing,  the  touch,  aU  show  the  progressive  lessening 
of  sensibility  through  eveiy  stage  of  change,  with  the 
same  fluctuations  which  attend  those  of  voluntary 
power ;  and  giving  similar  proof  that  the  stat&of  sleep 
is  ever  varying  in  degree  as  respects  these  several 
functions.  We  find,  for  example,  one  condition  of  sleep 
so  light  that  a  question  asked  restores  consciousness 
enough  for  momentaiy  understanding  and  reply  ;  and 
it  is  an  old  trick  to  bring  sleepers  into  this  state,  by 
putting  the  hand  into  cold  water,  or  producing  some 
other  sensation  not  so  active  as  to  awaken,  but  suffi- 
cient to  draw  the  mind  from  a  more  profound  to  a 
lighter  slumber.  This  may  often  be  repeated,  sleep 
still  going  on ;  but  make  the  sound  louder  and  more 
sudden,  and  complete  waking  at  once  ensues.  The 
same  with  other  sensations.  Let  the  sleeper  be  gently 
touched,  and  he  shows  sensibility,  if  at  all,  by  some 
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slight  muscular  moyement  A  ruder  touch  excites 
more  disturbance,  and  probably  changes  the  current  of 
dreaming ;  yet  sleep  wll  go  on,  and  it  often  requires  s 
rough  shaking,  particularly  in  young  persons,  before 
full  wakefulness  can  be  obtained.''* 

The  series  of  fluctuating  conditions  which  we  name 
sleep — and  which  passes  by  insensible  gradations  from 
waking  to  dozing,  from  dozing  to  dreaming  sleep,  and 
from  that  (perhaps)  even  to  dreamless  sleep— is  deter- 
mined by  the  state  of  our  organs.  It  cannot  be 
brought  on  by  any  effort  of  our  will,  unless  dthet 
predisposing  causes  co-operata  Every  one  knows  the 
wretchedness  of  a  sleepless  night.  On  the  other  hand, 
no  effort  of  our  wiU  can  prevent  sleep  under  certain 
conditions  of  the  exhausted  organism.  Neither  pain 
nor  fear  of  death  will  suffice.  Damiens  slept  on  the 
rack,  exhausted  by  torture ;  and  many  a  victim  to 
chronic  pains  knows  the  temporary  refuge  of  sleep. 
Gunners  M  adeep  beside  the  booming  cannon.  An 
engineer  has  been  known  to  fall  asleep  within  a  boiler 
which  his  comrades  were  beating  outside  with  th^ 
ponderous  hammers.  Men  sleep  soundly  the  night 
before  their  execution;  and  they  will  rather  brave 
death  by  sleep,  tihan  escape  death  by  keeping  awake. 
A  curious  example  is  recorded  in  the  first  volume  of 
Cooifs  Voyages.  Mr  Banks  and  Dr  Solander  had 
been  botanising  among  the  hills  of  Terra  del  Fuega 
On  their  return  towards  the  ships,  after  travelling 
through  considerable  swamps,  the  weather   became 

*  Holland  :  Chaptert  on  JfetUal  Phytiology,  p.  84. 
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bitterly  cold,  accompanied  by  sudden  blasts  of  piercing 
-wind,  and  heavy  snow.  Finding  it  impossible  to  get 
back  to  the  ships  before  morning,  they  resolved  to  push 
on  through  another  swamp  that  lay  in  their  way*  into 
the  shelter  of  a  wood,  where  they  might  build  a  wigwam 
and  kindle  a  fira  Dr  Solander,  who  had  more  than 
once  crossed  the  mountains  dividing  Sweden  &om 
Norway,  and  who  well  knew  that  extreme  cold,  espe- 
cially when  joined  with  fatigue,  produces  a  torpor  and 
sleepiness  which  are  almost  irresistible,  conjured  his 
companions  to  keep  moving,  whatever  pain  it  might 
cost  them,  and  whatever  relief  they  might  be  promised 
by  an  inclination  to  rest  "  Whoever  sits  down/'  said 
he,  "wiU  sleep;  and  whoever  sleeps,  will  wake  no  more." 
Thus  at  once  admonished  and  alarmed,  they  set  for- 
wards ;  but  they  had  not  gone  far  before  the  cold  be- 
came so  intense  as  to  produce  the  effects  that  had  been 
most  dreaded.  Dr  Solander  was  the  first  who  found 
the  inclination,  against  which  he  had  warned  the  others, 
invincible,  and  he  insisted  on  being  suffered  to  lie  down. 
Mr  Banks  entreated  and  remonstrated  with  him  to  no 
effect.  Down  the  Doctor  lay  upon  the  ground,  and  it 
was  with  diflSculty  he  was  kept  from  sleeping.  One  of 
the  black  servants,  named  Blchmond,  did  the  same ;' 
when  he  was  told  that  if  he  did  not  go  on  he  woidd 
soon  be  frozen  to  death,  he  replied  that  he  desired 
nothing  more  than  to  lie  down  and  dia  The  Doctor 
said  he  was  willing  to  go  on,  but  he  must  first  take  some 
sleep,  although  he  had  only  recently  told  them  that 
to  sleep  was  fatal  After  an  angry  altercation,  the  two 
VOL,  n.  2d 
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wre  propped  up  against  some  boshes,  and  in  a  few 
minutes  were  profoimdiy  asleep.  Five  minutes  after, 
some  of  the  men  retained  to  say  a  fire  was  kindled  a 
quarter  of  a  mile  further  on.  Mr  Banks  then  roused 
Dr  Solander;  but  althou^  he  had  only  slept  fire 
minutes,  he  had  almost  lost  the  use  of  his  limbs,  and 
the  flesh  was  so  shrunk  that  his  shoes  fell  from  his  feet 
He  consented  to  go  forward  with  such  assistance  as 
could  be  given  him,  but  no  attempts  to  rdieve  poor 
Bichmond  were  successfoL  He,  together  with  another 
black  left  with  him,  died 

Although  we  can  neither  fall  asleep  by  willing  it, 
nor  keep  from  fiedling  asleep  under  partdcnlar  states  of 
exhaustion,  we  have  a  certain  power  over  the  predis- 
posing circnmstances,  and  can  thus  help  to  bring  on 
or  ward  off  sleep.  Nay  more,  we  can  induce  a  habit  of 
going  to  sleep  at  any  lime,  or  of  awaking  at  any  time. 
Seamen  and  soldiers  on  duty  soon  learn  this  habit 
They  fall  asleep  almost  immediately  their  "speU" 
comes.  Napoleon  could  take  "  forty  winks  "  at  almost 
any  hour  of  the  day.  Captain  Barclay,  during  the  per- 
formance of  his  famous  feat  of  walking  1000  miles  in 
1000  hours,  learned  to  fall  asleep  the  instant  he  lay 
down.  We  all  awake  at  the  usual  hour  every  morning, 
no  matter  what  time  we  go  to  bed ;  and  every  one 
knows  that,  going  to  bed  with  a  strong  desire  to  wake 
at  a  certain  unusual  hour  in  the  morning,  we  are 
tolerably  certain  to  awake  at  that  hour,  or  even 
before  it 

Heat  is  one  of  the  predisposing  causes  of  sleep. 
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"  We  often  witness  this  in  the  summer  season,  some- 
times in  the  open  air,  but  more  frequently  at  home,  and 
above  all  in  a  erowded  church.  An  intolerable  lassi- 
tude &lls  over  the  spirit ;  we  are  unable  to  walk,  or 
move,  or  think  ;  our  eyes  become  heavy  and  languid ; 
we  are  seized  with  yawning,  and,  resting  upon  the  first 
suitable  object  which  presents  itself,  drop  into  a  pro- 
found slumber.  This  is  perhaps  the  most  rapid  of  all 
sleep,  excepting  that  from  apoplexy  or  narcotics.  The 
mind  seems  in  a  few  minutes  to  glide  away,  and  sinks 
into  a  state  of  overpowering  and  ahnost  instantaneous 
oblivion.  The  slumber,  however,  not  being  a  natural 
one,  and  not  occurring  at  the  usual  period,  is  sekiom 
long :  it  rarely  exceeds  an  hour,  and  when  the  person 
awakes  from  it,  so  tax  from  being  refreshed,  he  is 
usually  dull,  thirsty,  and  feverish,  and  finds  more  than 
common  difficulty  in  getting  his  mental  powers  into 
their  usual  activity.  A  heated  church  and  a  dull  ser- 
mon are  almost  sure  to  provoke  sleep.  There  are  few 
men  whose  powers  are  equal  to  the  task  of  oppos- 
ing the  joint  operation  of  two  such  potent  influences. 
They  act  on  the  spirit  like  narcotics,  and  the  person 
seems  as  if  involved  in  a  ck)ud  of  aconite  or  bella- 
donna. The  heat  of  the  church  might  be  resisted,  but 
the  sermon  is  irresistible.  Its  monotony  £&lls  in  leaden 
accents  upon  the  ear,  and  soon  subdues  the  most  power- 
ful attention.  Variety,  whether  of  sight  or  of  sound, 
prevents  sleep,  while  monotony  of  all  kinds  is  apt  to 
induce  it.  The  murmuring  of  a  river,  the  sound  of  the 
Eolian  harp,  the  echo  of  a  distant  cascade,  the  ticking 
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qf  a  clock,  the  hum  of  bees  under  a  burning  sun,  and 
the  pealing  of  a  remote  bell,  all  exercise  the  same  in- 
fluence. So  conscious  was  Boerhaare  of  the  pow^  of 
monotony,  that  in  order  to  procure  sleep  for  a  patiait, 
he  directed  water  to  be  placed  in  such  a  situation  as  to 
drop  continually  on  a  brass  pan.  When  there  is  no 
excitement,  sleep  is  sure  to  follow.  We  are  all  kepit 
awake  by  some  mental  or  bodily  stimulus,  and  when 
that  is  removed  our  wakefidness  is  at  an  end.  Want 
of  stimulus,  especially  in  a  heated  atmosphere,  pro- 
duces powerful  effects  ;  but  where  sufficient  stimulus 
exists,  we  overcome  the  effects  of  the  heat,  and  keep 
awake  in  spite  of  it."* 

Cold  prevents  sleep,  unless  it  be  of  sufficient  in- 
tensity to  produce  internal  congestion  of  the  blood,  in 
which  case,  as  all  readers  of  arctic  travels  well  know, 
cold  produces  a  stupor  which  is  fatal  Heavy  meals  pre- 
dispose to  sleep,  especially  when  the  digestion  is  feeble. 

Whatever  tends  to  quiet  the  brain,  tends  to  produce 
sleep  ;  whatever  tends  to  keep  the  brain  in  excitement, 
tends  to  prevent  sleep ;  and  that  is  why  maniacs  often 
remain  sleepless  for  weeks. 

II.  Duration  of  Sleep. — ^There  are  great  varieties 
among  individuals,  both  in  the  lightness  of  the  slum- 
ber and  the  extent  of  its  duration.  There  are  heavy 
sleepers  and  light  sleepers  ;  there  are  those  who  require 
several  hours,  and  those  who  require  but  few.  It  is 
unnecessary  here  to  repeat  the  statements  which  un- 

*  Macnish  :  Pkilotophy  of  Sleep,  \\  15. 


DURATION   OF   SLEEP.  357 

critical  writers  have  accepted  respecting  extraordinaiy 
achievements  both  as  to  extreme  length  and  extreme 
shortness  of  sleep ;  but  there  is  no  doubt  that  many 
persons  have  been  satisfied  with  five  hours  in  the 
twenty-four,  which  is  the  amount  attributed  to  John 
Hunter  and  Frederick  the  Great ;  while  on  particular 
emergencies  a  much  shorter  sleep  seems  to  have  suf- 
ficed. It  is  difficult  to  assign  the  degree  of  credit  due 
to  such  statements  as  those  of  Pichegru,  that  during  a 
year's  campaign  he  had  not  slept  more  than  one  hour 
in  every  twenty-four.  People  make  great  mistakes 
respecting  their  own  experience  in  such  matters,  and 
▼ery  seriously  declare  they  have  not  slept  many  min- 
utes, when  we  know  them  to  have  slept  a  couple  of 
hours.  It  must,  however,  be  admitted  that  even  "  forty 
winks''  is  an  extraordinary  refreshment,  so  much  so  as 
to  render  Pichegru's  statement  not  wholly  incredible. 
I  have  on  several  occasions,  during  nights  of  hard 
study,  &llen  asleep  over  a  book,  remained  thus  for 
some  five  minutes,  and  have  awaked  to  find  myself  so 
reinvigorated  that  drowsiness  did  not  recur  during 
the  next  two  or  three  hours ;  and  every  student,  or 
watcher  by  the  bedside  of  sickness,  can  doubtless  recall 
similar  cases.  The  following  is  the  most  remarkable 
example  of  this  in  my  own  experience.  I  had  spent  an 
exciting  and  fatiguing  day  in  company  with  several 
distinguished  artists  and  men  of  letters,  rehearsing  for 
private  theatricals,  and  filling  up  the  intervals  with 
merriment,  discussion,  and  excitement  of  various  kinds. 
At  one  o'clock  in  the  morning,  after  having  performed 
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in  three  pieces,  I  sat  down  with  the  rest  to  sapper, 
which  was  not  the  least  exciting  part  of  the  day.  In 
the  midst  of  the  noise,  the  quips  and  cranks,  the 
langbter  and  the  jingling  of  glasses,  I  sadd^y  tsU 
asleep.  How  many  seconds  this  sleep  lasted  I  cannot 
say ;  bnt  they  conld  hare  been  bnt  very  few,  since  no 
one  at  the  table,  or  on  either  side  of  me,  was  aware 
of  the  fieu^t  It  was  a  flash  of  nnconsciousnessL  Sud- 
denly I  awoke,  and  felt  as  ready  for  fresh  exdtt^ 
ment  as  ever ;  nor  did  any  s^ise  of  fieitigae  make  me 
shorten  our  pleasant  sitting.  If  sleep  be  caused,  as 
seems  most  probable,  by  a  temporary  congestion,  the 
foregoing  case  may  be  understood  as  a  momentary 
congestion ;  the  re-established  circulation  brought  back 
with  it  mental  activity. 

Children  sleep  much.  In  old  age  sleep  is  generally 
slight  and  brief ;  but  in  extreme  old  age  there  is  a  sort 
of  return  to  the  sleepiness  of  infanqr.  It  is  well  to 
bear  these  facts  in  view,  although  we  are  at  present 
quite  imable  to  explain  them.  Writers  who  find  phrases 
as  satisfactory  as  they  are  facile,  and  who  care  little 
about  clearly  understanding  the  processes  they  de- 
scribe, will  tell  you  that  in  infancy  sleep  is  enormous 
in  amount,  because  in  infancy  the  processes  of  growth 
are  so  enormous,  and  it  is  during  sleep  that  Nutrition 
'  goes  on.  They  will  further  tell  you  that  in  extreme 
old  age  likewise  sleep  is  excessive,  because  then  the 
Nutritive  processes  are  slower  and  feebler,  and  require 
this  long  repose  for  their  accomplishment.  But  every 
inquirer  who  is  really  anxious  to  have  some  distinct 
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understanding  of  the  process,  will  feel,  I  think,  very 
considerable  difficulty  in  realising  to  his  mind  any  such 
conception.  There  is,  I  am  aware,  a  general  belief, 
which  is  almost  accepted  as  an  axiom,  that  Nutrition 
takes  place  mainly,  if  not  solely,  during  sleep,  and  that 
the  purpose  of  sleep  is  to  permit  the  waste  of  tissue  to 
be  repaired.  But  without  venturing  to  speak  decisively 
on  a  subject  so  very  obscure  as  the  process  of  Nutrition, 
I  feel  impelled  to  say  that  this  general  belief  seems  to 
me  whoUy  unwarranted  by  any  facts  hitherto  ascer- 
tained. On  the  contrary,  as  far  as  present  knowledge 
enables  us  to  pronounce,  the  truth  seems  to  be  that 
Nutrition  goes  on  incessantly,  in  conjunction  with 
destruction  of  tissue;  and  that  during  sleep  a  very 
considerable  waste  of  tissue  takes  place.  Only  a  false 
analogy  could  suggest  that  sleep  was  the  period  for 
the  building  up  of  the  fabric,  which  had  been  worn  out 
in  waking  activity.  Physiology  knows  of  no  such  defi- 
nite periods  for  destruction  and  reconstruction. 

Assimilation  (or  Nutrition)  is  a  molecular  process. 
Molecule  by  molecule  the  tissue  is  destroyed,  and 
molecule  by  molecule  it  is  repaired.  These  processes 
depend  on  chemical  affinities,  the  one  bringing  about 
conditions  which  favour  the  other.  No  one  really 
imagines  the  organism  to  be  like  a  machine,  which 
wears  out  in  action,  and  is  repaired  when  at  rest.  No 
one  imagines  that  the  tissues  are  only  worn  out  during 
the  hours  of  waking  activity,  and  not  at  all  worn  out 
during  the  hours  of  sleep.  Many  say  this,  but  do  not 
picture  it  to  their  own  minds.     They  do  not  imagine, 
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for  example,  that  the  Duke  of  Wellington  repaired  in 
two  or  four  hoars  of  sleep  the  waste  of  twenty-two 
or  twenty  hours  of  anxiety  and  activity  ;  and  was  ,the 
next  day  ready  for  the  same  amount  of  ez^iion  and 
the  same  waste.  Nor  do  they  picture  to  themselves 
the  condition  of  those  who  have  remained  sleepless 
for  weeks,  and  even  months — ^a  condition  which,  as  it 
must  have  been  produced  by  all  waste  and  no  repair, 
would  have  made  the  tissues  present  very  much  the 
aspect  of  a  mothTcaten  coat.  Above  all,  they  do  not 
consider  the  contradiction  which  exists  between  this 
position  of  theirs  respecting  Nutrition  during  sleep, 
and  their  other  position  that  sleep  is  caused  by  a  slight 
congestion  of  the  brain,  or  by  the  slower  and  feebler 
circulation :  since  they  are  fully  aware  that  congestion, 
or  feeble  circulation,  is  the  very  worst  condition  for 
active  nutrition;  and  they  must  either  give  up  the 
idea  of  sleep  being  the  period  of  most  active  nutri- 
tion, or  else  give  up  the  idea  of  sleep  being  caused  by 
congestion,  or  feeble  circulation. 

What  we  know  leads  us  to  affirm  that  Assimilation 
is  a  continuous  process ;  new  material  is  incessantly 
being  formed ;  old  material  is  incessantiy,  but  with 
varying  intensity,  being  destroyed.  The  waste  and 
repair  of  the  scarf-skin  may  furnish  an  example.  In- 
cessantly new  cells  are  in  process  of  formation  and 
development,  which  take  the  place  of  the  outermost 
layer  of  cells  as  these  fall  off,  dead.  Should  there  be 
a  greater  waste  than  the  repairing  process  can  inune- 
diately  supply,  the  skin  is  rubbed  hare;  and  if  the  bare 
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spot  be  rubbed,  it  becomes  a  sore ;  but  if  left  un9is- 
turbed,  it  soon  becomes  covered  with  a  fresh  layer  of 
protecting  cells.  It  is  thus  with  all  the  tissues :  they 
grow,  particle  by  particle ;  they  act ;  they  die  particle 
by  particle,  and  are  replaced.  The  growth  is  not  more 
rapid  during  sleep  than  during  any  other  period;  rather 
less,  if  anything.  And  that  the  destruction  is  not 
arrested  during  sleep,  is  positively  proved  by  many 
striking  facts — ^for  example,  by  the  amount  of  carbonic 
acid  and  excretory  matters,  and  by  the  very  obvious 
loss  of  substance  in  all  the  tissues  which  Valentin  has 
shown  to  occur  in  the  winter  sleep  of  the  hybemating 
animals.  If,  therefore,  it  can  be  shown  that  Assimila- 
tion goes  on  during  all  periods,  and  that  waste  of  tissue 
goes  on  during  all  periods,  the  idea  of  sleep  being  a 
period  specially  allotted  for  the  repair  of  the  tissues 
must  be  given  up. 

And  yet  the  fact  remains  that  sleep  is  "  tired  Nature's 
sweet  restorer."  The  Migues  of  the  day  are  vanquished 
during  this  reposa  We  awake  reinvigorated.  What 
has  been  the  change  ?  Miiller  speaks  with  caution  on 
this  point  ''  The  excitement  of  the  oiganic  processes 
in  the  brain,"  he  says,  *'  which  attends  an  active  state 
of  mind,  gradually  renders  that  organ  incapable  of 
maintaining  the  mental  action,  and  thus  induces  sleep, 
which  is  to  the  brain  what  bodily  fatigue  is  to  the 
other  parts  of  the  nervous  system.  The  cessation  or 
remission  of  mental  activity  during  sleep,  in  its  turn, 
however,  affords  an  opportimity  for  the  restoration  of 
integrity  to  the  organic  conditions  of  the  cerebrum,  by 
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whidi  they  regain  their  excitability/'  But  ^diat  are 
these  organic  conditions,  and  how  is  their  integrity 
restored  ?  light  seems  to  &11  upon  this  question  from 
the  fact  abeady  recorded — ^namdy,  that  the  nerve  of  a 
frog's  leg,  separated  from  the  body,  becomes  exhausted 
by  stimulus,  and  vrill  no  longer  cause  the  muscle  to 
contract  If  this  nerve  be  allowed  repose,  it  will  gra- 
dually regain  its  lost  power,  and  on  the  applicaticm  of 
a  stimulus  it  will  cause  a  contraction.  According  to 
the  vague  conceptions  of  Nutrition  which  prevail,  this 
looks  as  if  the  functions  of  a  nerve  could  be  restored 
without  any  influence  of  Nutrition ;  and  it  has  been 
cited  to  prove  that  position,  even  by  so  eminent  a  phy- 
siologist as  Virchow*  But  I  would  surest  that  Nutri- 
tion, being  essentially  the  process  of  molecular  Assimi- 
lation, will  continue  as  long  as  there  is  any  material  to 
be  assimilated ;  the  circulation  may  be  necessary  for 
the  conveyance  of  material  to  the  tissues ;  but  the 
material,  once  conveyed,  is  under  the  laws  of  Assimi- 
lation. The  case  of  the  over-stimulated  nerve  is  pro- 
bably not  unlike  that  of  an  overstretched  piece  of 
elastic  substance.  If  India-rubber  be  in  a  state  of  con- 
tinued tension,  its  elasticity  is  destroyed ;  but  alter- 
nate relaxations  preserve  its  elasticity.  Is  not  this  the 
analogue  of  those  alternate  tensions  and  relaxations 
which  the  nerves  and  muscles  of  the  heart,  lungs,  and 
alimentary  canal  exhibit;  and  the  reason  why  these, 
although  always  in  activity,  are  never  fatigued  ?  The 
action  is  not  greater  than  the  repose.    The  heart  and 

*  YiRCHOW :  Die  CdlularpatKologie,  p.  263. 
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chest  expand,  but  they  also  contract :  the  muscles 
are  as  long  in  repose  as  they  are  in  actioa  If  our 
senses  and  voluntary  muscles  require  longer  interpals 
of  repose,  it  is  because  their  tension  is  longer;  but 
even  with  them  there  is  a  kind  of  alternation ;  and  we 
all  know  the  unusual  amount  of  fatigue  which  is  pro- 
duced by  a  very  slight  tension  of  the  muscles,  provided 
that  tension  be  continuous.  To  hold  the  arm  out 
straight  for  five  minutes  will  produce  more  fatigue 
than  to  employ  that  arm  in  various  movements  for  two 
hours.  The  same  principle  jnay  be  seen  in  intellectual 
or  erpotional  excitement  Every  student  knows  that 
diversity  of  work  is  a  sort  of  relaxation,  and  that  no- 
thing is  so  exhausting  as  concentration  of  thought. 

The  conclusion  to  which  the  foregoing  arguments 
point  is,  that  Sleep,  strictly  considered,  is  a  condition 
of  repose  of  the  brain  and  senses,  produced  by  a  slight 
congestion  in  their  blood-vessels  ;  and  during  this  re- 
pose they  recover  that  molecular  integrity,  or  that 
molecular  polarity,  on  which  their  vigorous  action 
depends,  and  which  has  been  disturbed  during  pro- 
longed activity. 

Sleep  is  caused  by  fatigue,  but  not  because  fatigue 
has  wasted  a  large  amount  of  tissue  which  needs  repose 
for  it-s  restoration.  It  is  caused  by  fatigue,  because  one 
of  the  natural  consequences  of  continued  action  is  a 
slight  congestion ;  and  it  is  the  congestion  which  pro- 
duces sleep.  Of  this  there  are  many  proofa  The 
causes  which  tend  to  produce  sleep  at  imaccustomed 
hours,  and  before  fatigue  is  felt,  are  all  causes  which 


364  SLEEP  AND  DREAM&. 

• 

lower  the  action  of  the  heart,  or  which  tend  to  a  re- 
tardation of  the  circulation  in  the  brain  ;  the  causes 
which  tend  to  wakefulness  are  all  causes  which  accel- 
erate this  circulation,  or  which  diminish  the  pressure 
of  the  blood  on  the  brain.  If  fiEitigue  were  in  itself  the 
cause  of  sleep,  we  could  not  be  awakened  until  repose 
had  restored  the  integrity  of  the  nervous  system; 
whereas  it  lb  notorious  that  just  as  we  are  dropping 
off,  or  only  a  short  time  after  we  have  been  asleep,  an 
alarm  of  fire  or  thieyes,  a  dash  of  cold  water^  a  sudden 
pain,  or  even  a  strong  light,  wiU  at  once  arouse  us 
into  energetic  activity.  This  is  a  consequence  of  the 
relieved  congestion  and  accelerated  circulation — ^not  a 
consequence  of  the  few  minutes'  reposa  The  fatigae 
remains ;  it  is  the  congestion  which  disappears.  On 
the  other  hand,  while  fatigue  causes  sleep,  by  causing 
congestion,  fatigue,  if  carried  beyond  a  certain  point> 
prevents  sleep,  by  causing  a  feverish  exaltation  of  the 
circulation.  Eveiy  student  and  every  sorrower  knows 
what  it  is  to  be  rendered  sleepless  by  over-excitement 
of  the  brain.  Let  a  man,  wearied  with  bodily  and 
mental  labour,  unable  to  keep  from  drowsiness,  sud- 
denly hear  thrilling  news,  or  alight  on  an  illuminating 
track  of  thought,  and  the  drowsiness  will  ranish  as  by 
enchantment — the  wearied  brain  will  have  energy  for 
hours  of  activity. 

We  conclude,  therefore,  that  it  is  not  as  fatigue, 
but  as  producing  congestion,  that  fatigue  causes  sleep ; 
and  the  hybemating  animal,  which  in  full  activity  can 
be  thrown  into  a  state  of  sleep  merely  by  a  sudden 
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fall  in  external  temperature,  and  will  continue*  thus 
until  warmth  accelerates  its  circulation,  presents  us 
-with  a  striking  illustration  of  such  a  conclusion.  We 
conclude,  moreover,  that  sleep  is  not  produced  by  the 
necessity  of  repairing  the  waste  of  tissue,  since  that 
repair  goes  on  irrespective  of  sleep.  Finally,  we  con- 
clude that  sleep  is  not  dependent  on  any  need  of 
repose,  since  it  is  exhibited  in  greatest  intensity  by 
those  who  least  need  repose,  having  least  actively 
exerted  themselves.  It  is  not  persons  of  active  and 
excitable  temperaments  who  are  the  greatest  sleepers ; 
it  is  infants,  very  old  people,  people  of  sluggish,  indo- 
lent,  lymphatic  temperaments.  '  And  men,  no  less  than 
animals,  fall  asleep  when  perfectly  quiet,  perfectly  free 
from  external  or  mental  stimulus  to  excitement. 

IIL  Dbeams. — It  was  my  intention  to  have  treated 
the  subject  of  Dreaming  in  some  detail,  but  the  length 
to  which  the  chapters  on  the  nervous  system  have 
extended,  forces  me  to  be  very  brief,  and  to  abstain 
altogether  from  illustrating  the  subject  with  the  nu- 
merous stories  which  might  have  given  it  interest  It 
naturally  encroaches  on  Psychology  at  almost  every 
point;  but  the  explanations  hitherto  offered,  at  least 
those  which  I  have  seen,  have  the  initial  defect  of  not 
being-  based  on  a  proper  understanding  of  the  physio- 
logical  process.  Only  a  true  philosophy  of  nervous 
action  can  give  us  the  clue  to  the  mystery  of  Dream- 
ing. For  the  sake  of  brevity,  I  shall  venture  to  assume 
that  the  exposition  of  nervous  action  given  in  the  fore- 
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going  pages  is  the  true  one,  and  endeavour  by  its  aid 
to  explain  Dreaming. 

Dreams  are  mental  processes  carried  on  during 
sleep,  and  are  closely  aUied  to  the  Beveries  carried  on 
during  waking  hours.  In  sleep  the  external  senses  are 
almost  entirely  closed  against  their  ordinaiy  stimuli, 
and  the  active  organs  are  in  repose.  The  consequence 
is  that  all,  or  nearly  all,  those  multifarious  sensations 
which,  through  the  Five  Senses  and  the  Muscles,  sti- 
mulate the  activity  of  the  Brain  during  the  waking 
hours,  have  no  longer  any  influence  in  swelling  the 
stream  of  Consciousness,  or  in  determining  the  direc- 
tion  of  the  thoughts.  We  do  not  see  objects,  smell 
odours,  hear  sounds,  or  taste  flavours ;  even  the  sense 
of  Touch  has  no  distinctness,  such  as  would  create 
the  perception  of  objects,  but  is  confined  to  a  general 
feeling  of  contact  with  the  bed-clothe&  Now,  who- 
ever for  a  moment  reflects  on  the  immense  influx  of 
sensation  which  is  incessantly  stimulating  the  brain 
through  the  senses,  during  waking  hours,  and  reflects 
on  their  influence  in  determining  the  direction  of  the 
thoughts  and  in  famishing  the  mind  with  materials, 
will  see  at  once  that  the  removal  of  such  a  source 
of  excitation  must  very  considerably  alter  the  men- 
tal conditions.  Instead,  therefore,  of  marvelling  that 
dreams  should  be  incongruous  with  waking  thoughts, 
our  marvel  must  be  to  find  so  much  congruity  as  we 
often  find  between  them. 

To  understand  Dreaming,  we  must  try  and  discover 
what  the  action  of  the  brain  would  be  imder  such  con- 
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ditioii3  as  are  present  in  sleep ;  and  we  can  only  do 
80  by  analogies  drawn  from  onr  waking  experience, 
conpled  with  a  correct  interpretation  of  nervous  action 
in  general  For  example,  in  our  waking  condition,  we 
are  familiar  with  what  has  been  styled  subjective  sen- 
sations; that  is  to  say,  we  see  objects  very  viyidly, 
where  no  such  objects  exist ;  we  hear  sounds  of  many 
kinds,  where  none  of  their  external  causes  exist ;  we 
taste  flavours  in  an  empty  mouth ;  we  smeU  odours, 
where  no  volatile  substance  is  present ;  and  we  fed 
prickings  or  pains  iu  limbs  which  have  been  amputated. 
These  are  actual,  not  imaginary,  sensations.  They  are 
indistinguishable  from  the  sensations  caused  by  actual 
contact  of  the  objects  with  our  organa  They  are 
sometimes  so  intense,  or  accompanied  by  a  cerebral 
excitement  which  so  completely  domineers  over  the 
controlling  suggestions  of  other  senses,  that  they 
produce  Hallucinations.  And  as  it  is  the  inevitable 
tendency  of  our  nature  to  connect  every  sensation  with 
an  external  cause — to  project  it  outside  of  us,  so  to 
speak, — ^we  should  never  think  of  doubting  that  every 
one  of  these  subjective  sensations  had  a  corresponding 
object,  did  not  the  suggestions  of  some  other  sense 
control  this  idea.  A  man  feels  prickings  in  his  am- 
putated fingers,  but  he  sees  that  the  fingers  are  not 
there,  and,  consequently,  he  knows  that  his  sensation 
is  deceptive.  He  smells  the  horrible  stench  of  a  sewer 
long  after  he  has  passed  out  of  the  reach  of  its  volatile 
gasea  He  tastes  the  bitter  fiavour  long  after  the 
bitter  substance  has  been  removed.      But  the  sensar 
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tions  require  constant  confrontation  with  the  reports 
of  other  senses,  otherwise  they  would  be  credited  as 
sensations  produced  by  actual  objects.  In  the  state 
of  cerebral  excitement  named  Hallucination^  this  con- 
frontation is  disregarded;  in  the  state  of  cerebral 
isolation  named  Dreaming,  this  confrontation  is  im- 
possible :  the  first  condition  is  one  in  which  the  cer- 
ebral activity  completely  domineers  over  the  excita- 
tions from  without ;  the  second  condition  is  one  in 
which  the  cerebral  activity,  though  feeble,  is  entirely 
isolated  from  external  excitations — ^thus,  in  both  cases, 
the  cerebral  reflexes  are  undisturbed,  uncontrolled  by 
reflexes  from  Sense. 

It  is  the  fact  that  sensations  may  be  subjective — in 
other  words,  that  they  may  arise  from  internal  stimuli 
no  less  than  from  external  stimuli,  and  must  arise  when- 
ever the  centres  are  excited :  it  is  this  fact  which  gives 
us  the  due  to  Dreaming.  The  avenues  of  Sense  are 
closed  in  Sleep,  but  the  sensational  centres  may  be 
reached  from  within.  That  Law  of  Sensibility,  which 
has  been  so  fully  expounded  in  previous  pages,  whereby 
every  sensation  discharges  itself  either  in  a  reflex-action 
or  a  reflex-feeling  (or  in  both  together),  and  whereby 
every  centre,  once  stimulated,  must  inevitably  stimulate 
some  other,  gives  us  the  explanation  why  subjective 
sensations  may  arise  in  sleep,  or  waMng,  and  why  they 
must  stimulate  cerebral  action.  Moreover,  the  external 
senses  haye  not  their  avenues  completely  closed  in 
sleep ;  and  a  sound  will  be  heard  by  the  sleeper,  though 
dimly ;  a  light  will  be  seen,  or  a  touch  felt.     These 
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dim  sensations  are  reflected  in  his  dreams.  The  cold- 
ness of  a  tonch  will  cause  him  perhaps  to  dream  that 
he  has  grasped  a  corpse ;  the  rattling  of  the  windows 
will  suggest  a  storm,  or  a  battle.  There  is  a  story  told 
of  a  lady  who  dreamt  that  her  servant  was  coming  to 
murder  her ;  she  opened  her  eyes  in  terror,  and  saw 
the  servant  at  her  bedside,  knife  in  hand !  The  ex- 
planation of  this  is,  probably,  that  she  heard  in  sleep 
the  creaking  of  the  footsteps  on  the  stairs,  or  the  open- 
ing of  the  door  ;  and  this  sensation,  which  might  have 
suggested  any  one  of  a  thousand  different  trains  of 
thought,  happened  to  suggest  (perhaps  because  the 
idea  was  not  unfamiliar  to  her  mind)  the  idea  of  the 
servant's  intention  to  murder  her.  All  our  experience, 
both  of  our  own  dreams  and  those  of  others,  ratifies 
the  position,  that  the  train  of  thought  may  be,  and 
must  be,  determined  by  any  sensation  felt  during  sleep; 
but  inasmuch  as  this  sensation  cannot  be  confronted 
with  the  actual  cause,  inasmuch  as  the  other  sources 
of  verification  are  closed,  which  in  waking  hours  enable 
us  to  connect  any  particular  sensation  with  a  particular 
cause,  the  perceptions  and  ideas  it  will  give  rise  to  are 
usually  inaccurate  and  incoherent.  If,  when  awake, 
we  perceive  an  odour  of  something  burning,  we  at  once 
look  about  to  discover  the  cause.  If,  when  asleep,  we 
perceive  this  odour,  we  cannot  thus  confront  the  sensa- 
tion with  its  external  cause;  but  the  sensation  suggests 
a  train  of  thought,  and  we  dream  that  the  house  is  on 
fire,  or  that  we  are  at  work  in  a  manufactory.  If, 
when  awake,  we  feel  a  cold  draught  of  air  blowing 
VOL.  n.  2  E 
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upon  us,  we  look  at  the  door  or  window  to  see  whence 
it  comes ;  but  asleep,  the  sensation  of  cold  will  suggest 
a  dream  that  we  are  in  the  street  in  onr  night-diiit^ 
or  riding  outside  a  coach ;  the  sensation  starts  a  tnin 
of  ideas — and  that  is  a  dream. 

If  we  reflect  that  the  nervous  centres  must  be  inces- 
santly called  into  activity,  either  through  the  imper- 
fectly-closed channels  of  the  Five  Senses,  or  through 
the  Systemic  Senses,  and  that  these  centres^  once  ex- 
cited, must  necessarily  play  on  each  other — and  if  we 
reflect  farther,  that  the  sensational  and  ideational 
activities  thus  stimulated  operate  under  very  diffoent 
conditions,  and  in  very  different  conjunctions,  during 
sleep,  we  shall  be  at  no  loss  to  understand  both  die 
incoherence  and  the  coherence  of  dreams — the  perfect 
congruity  of  certain  trains  of  thought  amid  the  most 
absurd  incongruities.  The  coherence  of  dreams  results 
&om  the  succession  of  associated  ideas ;  the  train  of 
thought  follows  very  much  the  course  it  would  foUow 
in  waking  moments,  at  least  when  uncontrolled  by  re- 
ference to  external  things — ^as  in  Beverie.  The  inco- 
herence results  from  this  train  being  interrupted  or 
diverted  from  its  course  by  the  su^estion  of  some 
other  train,  either  arising  by  the  laws  of  association, 
or  from  the  stimulus  of  some  new  sensation.  And 
because  in  Dreams,  as  in  Beverie,  we  do  not  pause  on 
certain  suggestions,  do  not  recur  to  them,  and  reflect 
on  them,  but  let  one  rapidly  succeed  another,  like 
shadows  chasing  each  other  over  a  cornfield,  we  take 
little  or  no  heed  of  any  incongruities.    It  is  constantly 
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said  that  in  dreams  nothing  sniprises  ua  I  think  this 
is  a  mistake.  Nothing  arrests  us ;  bnt  ereiy  incon- 
gruity surprises  us,  at  least  as  mnch  in  dreams  as 
in  reveries.  I  am  distinctly  conscious  of  this  in  my 
own  experience.  If  when  I  dream  that  I  am  in  a  cer- 
tain place,  conversing  with  a  certain  person,  I  am  also 
aware  that  the  place  suddenly  becomes  another  place, 
and  the  person  has  a  very  different  appearance,  a  slight 
surprise  is  felt  as  the  difference  is  noted,  but  my  dream 
is  not  arrested ;  I  accept  the  new  facts,  and  go  on 
quite  content  with  them,  just  as  in  reverie  the  mind 
passes  instantaneously  from  London  to  India,  and  the 
peri^ns  vanish  to  give  place  to  very  different  persons, 
without  once  iaterrupting  the  imaginary  story.  In 
dreams  mo  perception  is  confronted  with  actual  objects; 
no  ideas  are  confronted  with  present  ezistence&  The 
waves  of  sensation  and  of  thought  succeed  each  other, 
and  are  interrupted,  broken,  diverted  by  the  fresh 
streams  of  sensation  constantly  pouring  in  from  the 
changing  states  of  the  system.  This  interruption  is  to 
some  extent  controlled  in  waking  moments  by  the  pre- 
sence of  objects  both  to  the  senses  and  the  mind  ;  yet 
even  the  presence  of  objects,  and  the  energetic  resolu- 
tion which  a  strong  motive  will  give,  will  not  prevent 
the  most  steadfast  mind  from  continually  wandering, 
although  the  mind  may  be  recalled  from  its  wander- 
ings to  the  subject  originally  occupying  it  If  I  sit 
in  my  study,  and  my  thoughts  wander  tq  Bagdad  or 
Bussora,  the  continual  presence  of  my  books,  chairs 
microscope,  engravings,  &c.,  infallibly  bring  me  back 
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again  before  long,  and  prevent  my  believing  myself  to 
be  in  the  East  If  when  I  am  working  ont  some  plan, 
or  thinking  of  some  problem,  the  thoughts  wander 
away,  lured  by  some  accidental  association,  they  aie 
soon  recalled  again  by  the  suggestions  of  the  paper, 
portfolio,  desk,  or  even  by  the  very  attitude  in  which 
I  am  sitting,  and  I  recommence.  But,  asleep,  this  recall 
would  never  take  place.  The  objects  are  not  there  to 
suggest  the  requisite  thoughta  The  sensations  I  re- 
ceive are  carried  along  with  my  dream,  each  succeeding 
sensation  or  idea  having  a  diverging  influence ;  and 
thus  a  dream  is  never  long,  never  veiy  coherent.  If 
the  reader  wishes  to  understand  this  operation  of  the 
mind,  let  him  attend  to  the  fluctuating  stream  of 
thought  which  passes  through  lus  brain  m  he  lies 
awake  in  bed,  with  his  eyes  closed,  and  in  perfect  still- 
ness ;  he  will  soon  be  aware  of  the  influence  which 
must  be  exercised  by  the  presence  of  external  objects 
in  determining  the  direction  of  his  thoughts. 

That  our  dreams  are  greatly  influenced  by  the  Sys- 
temic Sensations,  will  be  evident  to  every  one  who  re- 
flects on  the  notorious  effects  of  indigestion.  The  state 
of  the '  secretions  also  manifestly  determines  many 
dreams.  The  wretched  sufferers  in  the  shipwreck  of 
the  Medusa,  dying  from  thirst,  had  perpetual  dreams 
of  shady  woods  and  running  streams.  The  nursing 
mother  is  made  to  dream  of  her  child  by  the  flow  of 
milk  to  her  breasts. 

If,  therefore,  it  is  certain  that  Systemic  Sensations 
produce  dreams,  and  certain  also  that,  in  spite  of  the 
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inactivity  of  the  Five  Senses,  they  can,  one  and  all,  fur- 
nish their  accustomed  sensations,  if  excited  by  external 
objects,  and  also  if  their  centres  are  excited  by  inter- 
nal stimuli ;  and  if,  farther,  it  is  admitted  that  sensa- 
tions determine  trains  of  thought,  we  shall  find  little 
difficulty  in  assenting  to  the  proposition,  which  many 
psychologists  deny,  that  even  in  the  deepest  slumber 
dreams  occur.  The  physiological  reasons  for  suppos- 
ing that  the  brain  is  active  during  sleep,  though  not 
perhaps  so  active,  nor  having  all  its  various  parts  in 
such  perfect  co-ordination,  as  during  waking  hours, 
seem  to  me  veiy  strong,  although  the  point  scarcely 
admits  of  proof.  Whereas  the  only  strong  argument 
against  it  is  that  we  have  seldom  any  consciousness  of 
having  dreamed,  some  persons,  indeed,  declaring  that 
they  never  dream.  This  argument  is,  however,  weak- 
ened by  the  fact  that  sonmambulists,  who  not  only 
dream,  but  act  their  dreams,  and  often  in  a  very  sur- 
prising manner,  never  remember  these  dreams  when 
awaka  It  thus  appears  that  our  forgetfulness  of 
dreams  is  no  proof  of  dreamless  sleep ;  and  Sir  Wil- 
liam Hamilton  declares  that,  having  experimented  on 
his  own  person,  and  caused  himself  to  be  roused  at 
different  hours  of  the  night,  he  was  always  able  to 
observe  that  he  was  in  the  middle  of  a  dream.  "  The 
recollection  of  this  dream  was  not  always  equally  vivid. 
On  some  occasions  I  was  able  to  trace  it  back  until 
the  train  was  gradually  lost  at  a  remote  distance  ;  on 
others,  I  was  hardly  aware  of  more  than  one  or  two 
of  the  latter  links  of  the  chain  ;  and  sometimes  was 
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scarcely  certain  of  more  than  die  fact  that  I  was  not 
awakened  from  an  nnoonscions  state"  * 

In  describing  Sleep  we  had  occasion  to  notice  the 
partial  thoa^  oscillating  congestion  whidi  character- 
ises  it.  In  proportion  as  this  congestion  is  extensive 
will  the  sleep  be  profound,  and  the  dreams  necessarilj 
imperfect  and  fragmentary;  for  the  effect  of  con- 
gestion will  be  to  prevent  certain  parts  of  the  nerv- 
ons  mechanism  fit)m  being  stimulated  by  the  others ; 
and  thus,  instead  of  consecutive  trains  of  Uionght^ 
there  will  only  be  irr^nlar  and  imperfect  trains  caSlei 
np  by  the  various  sensations. 

*  Hamhaos  :  Leehtrm  on  MetapkymcMj  L  323. 
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THE  QUALITIES    WE    INHERIT   FROM   OUR   PARENTS. 

The  contradictory  statements  current — Mr  Buckle's  rejection  of  the 
Law  of  Inheritance  examined — The  general  characteristics  which 
are  inherited — Differences  in  families — Peciiliarities  inherited— Are 
the  effects  of  accident  transmitted  ?— Habits  and  tricks  inherited 
•-Influence  of  the  second  parent — Vices,  Diseases,  Idiofiyncrasies 
inherited — Longerity  inherited — Predisposition  to  Insanity — The 
respective  influences  of  father  and  mother — Refutation  of  the  notion 
that  the  father  gives  the  animal  organs,  and  the  mother  the  vegetal 
organs— Curious  examples — Children  of  great  men — ^Necessary  fusion 
of  the  parental  influences — Perturbing  causes  :  Atavism ;  Potency 
of  the  individual ;  Age ;  Sex — Summary  of  the  evidence — Is  mar- 
riage justifiable  where  the  hereditary  **  taint"  exists. 

"  That  boy  is  the  very  image  of  his  mother  1  **  is  the 
exclamation  frequently  heard ;  and  not  less  frequently, 
"  That  boy  is  remarkably  unlike  his  parents  I  "  We  also 
hear  it  said,  "  He  has  his  father's  talent,  or  his  mother's 
sharpness ; "  and  conversely,  "  He  has  none  of  the 
family  talent."  That  the  sons  of  remarkable  men  are 
generally  dunces,  and  that  men  of  genius  have  remark- 
able mothers,  are  two  very  questionable  statements 
which  have  become  proverbial. 
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no  shadow  of  doubt  that  organisations  are  inherited. 
He  will  not  say  that  it  is  a  mere  coincidence  which 
preserves  intact  the  various  "  breeds ''  of  animals : 
which  makes  the  bull-dog  resemble  the  buU-dog,  and 
the  bull-terrier  resemble  the  bull-dog  and  the  terrier; 
which  make  the  Jews  all  over  the  world  resemble 
Jews,  because  they  keep  their  race  free  from  admixture, 
by  never  marrying  into  other  races ;  which  gives  us 
short-homed  cattle,  and  fan-tailed  pigeons ;  and  which 
makes  the  pedigree  of  a  horse,  or  dog,  a  value  estimable 
in  hard  casL  Unless  parents  transmitted  to  offspring 
their  organisations,  their  peculiarities  and  excellencies, 
there  would  be  no  such  thing  as  a  breed,  or  a  race.  The 
cur  would  run  the  dame  chance  as  the  best-bred  dog 
of  turning  out  valuable.  The  greyhound  might  point, 
and  the  cart-horse  win  the  Derby.  Daily  experience 
tells  us  that  this  is  impossible.  Science  tells  us  that 
there  is  no  such  thing  as  chance.  Physiology  tells  us 
that  the  offspring  always,  and  necessarily,  inherits  its 
organisation  from  the  parents  ;  and  if  the  organisation 
is  inherited,  then  with  it  must  be  inherited  its  tend- 
encies and  aptitudes.  Mr  Buckle  seems  to  have  been 
misled  by  that  which  conceals  the  fistct  of  transmission 
from  ordinary  apprehension,  namely,  the  very  great 
number  of  instances  in  which  the  offspring  does  TWt 
closely  resemble  either  parent ;  or  rather,  in  which  the 
resemblance  is  not  discernible  by  us.  If  the  law  of 
transmission  is  not  a  figment,  these  seeming  contradic- 
tions are  susceptible  of  explanation ;  and  in  the  course 
of  the  brief  survey  which  will  here  be  given,  I  hope  to 
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be  able  to  oonvince  the  reader  that  an  eicplanatioii  is 
possible.* 

We  must  first  note  the  indubitable  £ftct  that  the 
organisation  of  the  offspring  always  and  necessarily  re- 
sembles that  of  the  parents  in  its  general  charactersi 
So  uniform  is  our  experience  of  this  constancy,  that 
nothing  would  be  more  incredible  than  that  negro 
parents  should  give  birth  to  a  child,  with  the  straigla 
hair,  aquiline  nose,  small  heels,  &c.  of  an  European ; 
or  that  two  sheep  should  produce  a  goat  But  while 
there  is  this  constancy  in  the  transmission  of  gevieral 
characters,  there  is  considerable  variation  in  the  trans- 
mission of  individual  peculiarities.  One  of  the  negro 
parents  may  be  tall,  robust,  joyous,  stupid ;  the  other 
short,  feeble,  querulous,  clever :  now  as  the  child  can- 
not be  at  once  short  and  tall,  clever  and  stupid,  feeble 
and  robust,  in  inheriting  its  parents*  organisations  it 
may  either  resemble  one  of  the  parents  more  than  the 
other,  or  may  apparently  resemble  neither,  by  being  a 
mingling  of  the  two.  It  is  this  fact  of  double  parent- 
age, and  double  inheritance,  with  an  inequality  in  the 
amount  of  influence  exercised  by  each  parent,  whidi 
complicates  the  question,  and  produces  the  seeming 
contradictions  to  the  law  of  transmission.  Let  two 
Jews  produce  o£&piing,  and  inasmuch  as  both  parents 

*  The  materials  for  this  chapter  are  drawn  from  the  extenaiTe  bat 
uncritical  work  of  Prospib  Luoas  :  TmUi  de  thMditS  mUurOU,  1S47- 
1850;  the  lectures  On  tA^PAyno&^o/BrfftiM^,  byMrOaiov,  1855; 
the  Traits  de  la  Ointratum,  by  GiBOU  DB  BASABxnrouES,  1828 ;  the 
work  by  M.  Mobbau  :  La  Psyekoiogie  Morbidt,  1859 ;  and  an  article^ 
by  the  .present  writer,  on  H^ndUary  Ii^Uteaee,  in  the  July  number  of 
the  WtitminHer  £mew,  1856. 
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have  the  Jewish  physiognomy,  the  offspring  will  be 
unmistakably  Jewish ;  but  let  a  Jew  and  a  Saxon  pro- 
duce offspring,  and  the  mingling  of  these  two  differ- 
ent organisations  will  be  as  visible  in.  the  offspring 
as  it  is  in  a  Mulatto,  or  in  any  other  cross  breed. 

People  often  express  surprise  at  observing  the  strange 
differences  in  aspect  and  disposition  between  brothers 
bred  up  together  in  the  same  nursery,  and  under  sim- 
ilar influences.  From  Cain  and  Abel,  to  the  brothers 
Buonaparte,  the  diversity  in  families  has  been  a  stand- 
ing marvel.  Nay,  such  diversities  are  observed  not  only 
between  brothers,  but  between  twins  ;  and  it  was  no- 
ticed in  the  striking  case  of  the  celebrated  Bita  and 
Christina,  twins  who  were  so  fiised  together  that  they 
had  only  one  body  and  one  pair  of  legs  between  them, 
with  two  heads  and  four  arms,  yet  they  manifested 
very  different  dispositions  and  tempers.*  The  same 
was  observed  of  the  Fresburg  twins,  the  Siamese 
twins ;  and  of  the  African  twins,  recently  exhibited 
in  London.  The  cause  of  these  diversities  is  the  in^ 
equality  with  which  the  parental  organisations  were  in- 
herited ;  both  parents  contributed  their  elements,  but 
these  elements  were  differently  compounded. 

It  is  to  this  inequality  in  the  influence  of  a  particular 
parent  that  we  must  attribute  the  fact  that,  while  certain 
peculiarities,  trifling  and  even  whimsical,  are  sometimes 
seen  to  be  transmitted,  they  are  not  uniformly  trans- 
mitted.   I  am  disposed  to  receive  with  great  scepticism 

many  of  the  cases  which  have  been  advanced,  without 

i 

*  Geoffrot  St  Hilairb  :  PkUotophie  Anaiomiqw,  u. ;  and  Sebbes  : 
Rtehereha  dPAnatomie  trantcendante. 
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in  the  least  swerving  from  my  position  that  even 
trifling  peculiarities  are  inherited.  Plutarch  speaks  of 
a  family  in  Thebes^  every  member  of  which  was  bom 
with  the  mark  of  a  spear-head  on  his  body  :  Plutarch 
is  not  a  good  authority  for  such  a  fact ;  yet  we  need  not 
summarily  reject  it.  An  Italian  family  had  the  same 
sort  of  mark,  and  hence  bore  the  name  of  LansadoL 
Haller  cites  the  case  of  the  Bentivoglio  &mily,  in  whom 
a  slight  external  tumour  was  transmitted  from  fsither 
to  son,  which  always  swelled  when  the  atmosphere  was 
moist.  Agaui,  the  Boman  families  Nasones  and  Bwy 
cones  indicate  analogous  peculiarities  ;  to  which  may 
*be  added  the  well-knovm  "  Austrian  lip"  and  "Bour- 
bon nose.''  All  the  Barons  de  Vessins  were  said  to 
have  a  peculiar  mark  between  their  shoulders ;  and 
by  means  of  such  a  mark,  La  Tour  Landry  discovered 
the  posthumous  legitimate  son  of  the  Baron  de  Yessins 
in  a  London  shoemaker's  apprentice.  If  these  cases 
be  received  with  an  incredulous  smile,  we  must  remem- 
ber the  series  of  indisputable  facts  noticed  in  the  breed- 
ing of  animals.  Every  breeder  knows  that  the  colours 
of  the  parents  are  inherited ;  that  the  spots  are  repeated, 
such  as  the  patch  over  the  buU-terrier's  eye,  and  the 
white  legs  of  a  horse  or  cow  ;  and  Ghambon  *  lays  it 
down  as  a  principle  derived  from  experience,  that  by 
choosiug  the  parents  you  can  produce  any  spots  you 
please.  Girou  noticed  that  his  Swiss  cow,  white, 
spotted  with  red,  gave  five  calves,  four  of  which  re- 
peated exactly  the  spots  of  their  mother ;  the  fifth,  a  cow- 

*  Traia  de  FEdueatton'des  Mouious,  i.  116. 
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oalf,  resembliiig  the  bull.  Do  we  not  all  know  how  snc- 
oessful  onr  cattle-breeders  have  been  in  directing  the  fisit 
to  those  parts  of  the  organism  where  gourmandise  de- 
sires it?  and  have  not  sheep  become  moving  cylinders  of 
&t  and  wool,  merely  because  fat  and  wool  were  needed) 

More  questionable  are  the  facts  oiaccidenta  becoming 
hereditary.  A  superb  stallion,  son  of  Le  Olorieux, 
who  came  from  the  Pompadour  stables,  became  blind 
from  disease :  all  his  children  became  blind  before  they 
were  three  years  old.  Burdach  cites  the  case  of  a 
woman  who  nearly  died  from  hsBmorrhage  after  blood- 
letting ;  her  daughter  was  so  sensitive  that  a  violent 
haemorrhage  would  follow  even  a  trifling  scratch  ;  she, 
in  turn,  transmitted  this  peculiarity  to  her  son.  Horses 
marked  during  successive  generations  with  red-hot  iron 
in  the  same  place,  are  said  to  transmit  the  visible  traces 
of  such  marks  to  their  colts.  A  dog  had  her  hinder 
parts  paralysed  for  several  days  by  a  blow ;  six  of 
her  seven  pups  were  deformed  or  excessively  weak 
in  their  hinder  parts,  and  were  drowned  as  useless.* 
Treviranus  t  cites  Blumenbach's  case  of  a  man  whose 
little  finger  was  crushed  and  twisted,  by  an  accident 
to  his  right  hand :  his  sons  inherited  right^hands  with 
the  little  finger  distorted. 

These  latter  cases,  I  confess,  have  an  air  of  suspicion, 
which  almost  justifies  Mr  Buckle's  assertion  that  the 
evidence  for  hereditary  transmission  is  founded  on  mere 
empirical  coincidencea  It  is  not  only  physiologically 
unintelligible  how  the  efiect  of  an  accident  could  be 

•  Ginou,  p.  127.  t  Biologie,  Ui.  452, 
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thus  transmitted ;  but  it  is  iacredible  that,  were  such 
transmission  within  the  course  of  natnre,  men  should 
for  centimes  have  lost  arms  and  1^  without  beooming 
the  progenitors  of  armless  and  I^less  babies ;  or  bow 
for  generations  the  terrier's  ears  and  tails  should  be 
cut  short,  yet  terrier  pnps  never  come  into  the  world 
ready  cropped.    The  savages  who  tattoo  their  bodies, 
and  bore  holes  through  their  noses,  do  not  bring  tat- 
tooed babies  into  the  world.     The  truth  of  the  matter 
seems  to  be  this :  The  organisation  of  the  parent  is 
transmitted,  and  with  that  organisation  all  those  dia- 
meters and  tendencies  which  the  organisation  in  actiyify 
would  naturally  manifest.   A  habit,  or  trick,  which  has 
been  acquired,  and  so  long  established  that  it  may  be 
said  to  be  organised  in  the  individual — whose  mechan- 
ism has  grorvn  to  its  performance — ^will  stand  the  same 
chance  of  being  inherited,  as  the  bulk  of  bone  and 
muscle,  or  the  sensibility  of  the  nervous  system.    An 
idiosyncrasy  which  results  from  some  organic  disposi- 
tion— say,  for  example,  the  repugnance  to  animal  food 
— ^may  as  easily  be  inherited  as  a  good  constitution,  or 
a  scrofdlous  tendency.    Explain  it  as  we  may,  there  is 
no  fact  more  certain  than  that  a  habit  once  firmly  fixed, 
once  "  organised  "  in  the  individual,  becomes  almost  as 
susceptible  of  transmission  as  any  normal  tendency. 
Pointer  pups  inherit  the  aptitude,  ie.  the  organisation, 
fitting  them  for  easily  learning  to  ''  point ; "  and  this 
aptitude  is  sometimes  so  strong  that  they  will  point 
before  they  have  been  taught.     It  is  the  same  with 
dogs  that  have  been  taught  to  "  beg."    I  had  a  pap, 
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taken  from  its  mother  at  six  weeks  old,  and  before, 
therefore,  it  conld  hare  learned  to  beg  from  her,  which 
spontaneously  took  to  begging  for  eyer3rthing  it  wanted; 
and  one  day  I  found  it  opposite  a  rabbit-hutch,  begging, 
apparently,  the  rabbits  to  come  and  play.  Oirou  relates 
that  he  knew  a  man  who  had  the  habit  of  sleeping  on 
his  back,  with  his  right  leg  crossed  oyer  his  left.  One 
of  his  daughters  showed  the  same  peculiarity  fit)m  her 
birth  upwards,  and  constautly  assumed  the  attitude  in 
her  cradle.  V enette  knew  a  woman  who,  without  being 
lame,  had  a  sort  of  limp  in  her  right  leg ;  her  daughter 
had  the  same  defect  in  her  right  leg.  Every  one's  expe- 
rience will  furnish  examples  of  trifling  peculiarities  of 
manner  —  too  individual  to  be  mistaken  —  which  are 
manifested  by  children  who  have  never  seen  the  par- 
ents they  imitate.  Nor  is  there  anything  surprising 
in  this.  The  habit  or  manner,  the  attitude  or  trick,  re- 
sults from  some  peculiarity  in  the  bodily  framework,  con- 
genital or  acquired,  and  this  peculiarity  is  transmitted 
in  the  framework.  It  would  always  be  transmitted 
were  there  not  the  counter-influence  of  a  second  parent, 
whose  organisation  is  also  inherited.  This  second  par- 
ent has  not  the  pecidiarity,  and  the  peculiarity  may 
therefore  be  counteracted  by  her  influence.  Two  point- 
ers will  produce  pups  that  easily  learn  to  point,  or 
even  do  so  spontaneously;  but  if  a  pointer  be  crossed 
with  a  setter,  it  is  veiy  likely  that  some  of  the  pups  will 
not  point  at  all,  although  some  may  inherit  the  parental 
tendency.  If  a  man  of  great  musical  aptitude  many  a 
woman  with  none,  it  is  probable  that  of  two  children 


384  THE  QUALITIES  WE  INHERIT  FROM  OUB  PABEKTB. 

one  will  inherit  the  mnsieal  aptitude,  and  the  other  be 
as  insensible  as  the  mother ;  but  it  is  also  probable  that 
both  will  inherit  the  aptitude,  or  that  neither  wilL 
Whenever  we  observe  rigorous  constancy  in  the  trans* 
mission  of  qualities — as  in  the  breeds  of  animals — ^tbe 
secret  is  that  both  parents  had  more  or  less  of  these 
qualities.  Whenever  we  observe  inconstancy  in  the 
transmission,  the  secret  is,  that  only  one  parent  had 
the  qualities  ;  and  inasmuch  as  both  parents  transmit 
their  organisations,  the  double  influence  determines  the 
product. 

Instead,  therefore,  of  feeling  any  surprise  at  a  quali^ 
not  being  inherited  when  only  one  parent  had  that  qua- 
lity, we  must  anticipate  such  a  result  being  veiy  fre- 
quent ;  and  our  attention  should  be  rather  fixed  on  the 
numerous  cases  in  which  the  quality  is  transmitted  in 
spite  of  the  influence  of  the  other  parent.  Two  con- 
sumptive parents  will  inevitably  bring  forth  consump- 
tive, or  scrofulous,  children ;  but  one  consumptive  and 
one  vigorous  parent  will  bring  forth  children,  none  of 
whom  may  be  consumptive  or  scrofulous,  or  only  some 
of  them,  or  all  of  them.  These  variations  throw  no 
doubt  on  the  law  of  inheritance,  but  are  in  strict  con- 
formity with  it ;  because  no  sooner  are  the  disturbing 
influences  removed  than  the  law  acts  with  unvarying 
uniformity.  The  evidence  of  direct  transmission  is 
ample,  not  only  in  the  case  of  ''breeds,"  but  in  the  case 
of  individual  pecuUaritiea  Thus  Girou  relates  the  case 
of  a  sporting-dog,  taken  young  from  its  mother  and 
father,  who  was  singularly  obstinate,  and  exhibited  the 
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greatest  terror  at  every  explosion  of  the  gun,  which 
always  excites  the  ardour  of  the  species.  -  On  the 
owner  expressing  his  surprise  to  the  gentleman  from 
whom  he  received  the  dog,  he  was  told  that  nothing 
was  more  likely,  for  the  dog's  father  had  the  sanre 
peculiarity.  How  the  vicious  disposition  of  horses  is 
transmitted,  all  breeders  know.  Again,  we  know  that 
the  vice  of  drunkenness  is  veiy  apt  to  be  inherited, 
and  that  the  passion  for  gambling  is  little  less  so. 
"A  lady. with  whom  I  was  very  intimate,*'  relates  Da 
Qama  Machado,  "and  who  possessed  great  wealth, 
passed  her  nights  in  gaming  :  she  died  young,  from 
pulmonary  disease.  Her  eldest  son  was  equally  ad- 
dicted to  play,  and  he  also  died  of  consumption  at  the 
same  age  as  his  mother.  His  daughter  inherited  the 
same  passion  and  the  same  disease."'  *  Tendencies  to 
particular  vices  are  inherited,  and  are  exhibited  in 
cases  where  the  early  death  of  the  parents,  or  the 
removal  of  the  children  in  infancy,  prevents  the  idea  of 
any  imitation  or  eflfect  of  education  being  the  cause. 
That  the  organisation  of  a  thief  is  transmitted  from 
father  to  son  through  generations,  seems  tolerably  cer- 
tain. Gall  "t*  has  dted  some  striking  examples.  And 
murder,  like  talent,  seems  occasionally  to  run  in  fami- 
lies. Parents  with  an  unconquerable  aversion  to  animal 
food  have  transmitted  that  aversion ;  and  parents, 
with  the  horrible  propensity  for  human  flesh,  have 
transmitted  the  propensity  to  children  brought  up 

«  ThfcHe  det  Matemblances,  p.  154,  quoted  by  Lucas. 
t  Fonetiont  du  Cerveai^  i.  207. 

VOL.  n.  2  F 
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away  from  tliein  under  all  social  restraints.  Zimmer- 
mann  cites  the  case  of  a  whole  feunily  upon  whom 
coffee  acted  as  opium  acts  on  others,  while  opium  had 
no  sensible  effect  whatever  on  them  ;  and  Dr  Lucas 
knows  a  .family  upon  whom  the  slightest  dose  of 
calomel  produces  violent  nervous  tremblings.  Every 
physician  knows  how  both  predisposition  to,  and  abso- 
lute protection  against,  certain  specific  diseases  are 
transmitted.  In  many  families  the  teeth  and  hair  fall 
out  before  the  ordinary  time,  no  matter  what  hygiene 
be  followed  Sir  Henry  Holland  remarks,  "  The  fre- 
quency of  blindness  as  an  hereditary  affection  is  well 
known,  whether  occurring  from  cataract  or  other 
diseases  of  the  parts  concerned  in  vision.  The  most 
remarkable  of  the  many  examples  known  to  me,  is 
that  of  a  family  where  four  out  of  five  children,  odier^ 
wise  healthy,  became  totally  blind  from  amaurosis  about 
the  age  of  twelve ;  the  vision  having  been  gradually 
iiQpaired  up  to  this  time.  What  adds  to  the  singular- 
ity of  this  case  is  the  existence  of  some  &mily  monu- 
ment long  prior  in  date,  where  a  female  ancestor  is 
represented  with  several  children  around  her,  the  in- 
scription recording  that  aU  the  number  were  blind."  ♦ 
Unless  we  are  to  suppose  all  these  cases  simple  ooin- 
cidences,  we  must  admit  individual  heritage ;  but  the 
doctrine  of  probabilities  will  not  permit  us  to  suppose 
them  coincident  Let  us  take  the  idiosyncrasy  of  can- 
nibalism, which  may  be  safely  said  not  to  appear  more 

*  Medical  I^otes  and  Re/Uctioiu,  p.  23.    Oompars  also  &  striking 
passage  in  Dr  Inham'b  FoundaHonforaNem  Theory  €fM€ditin€,  p.  5. 
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than  once  in  ten  thousand  human  beings :  if,  there- 
fore, we  take  one  in  ten  thousand  as  the  ratio,  the 
chances  against  any  man  manifesting  the  propensity 
ivill  be  ten  thousand  to  one,  but  the  chances  against 
his  son  also  manifesting  it  will  be — what  some  more 
learned  calculator  must  declare. 

We  can  even  produce  a  race  having  any  peculiarities 
we  will,  provided  we  have  parents  possessing  the  germs 
•of  these  qualities.  M.  Danney  made  experiments  dur- 
ing ten  years  with  rabbits,  a  hundred  couples  being 
^selected  by  him  with  a  view  to  the  creation  of  pecu- 
liarities. By  always  choosing  the  parents,  he  succeeded 
in  obtaining  a  number  of  malformations  according  to 
his  preconceived  plan.  And  such  experiments  have 
been  repeated  on  dogs,  pigeons,  «nd  poultry  with  like 
success.  It  is  on  this  fact  of  individual  heritage 
that  longevity  depends.  There  is  no  term  of  life  for 
the  "  species,"  only  a  term  for  the  individual — a  fact 

which  sets  the  speculations  of  Comaro,  Hufeland,  and 

^^  « 

flourens  at  nought.  There  are  limits  which  neither 
the  "  species  "  nor  the  individual  can  be  said  to  pass  : 
no  man  has  been  known  to  live  two  hundred  years ; 
but  the  number  of  years  which  each  individual  will 
reach,  without  accident,  is  a  term  depending  neither 
on  the  "  species,"  nor  on  his  own  mode  of  life,  but  on 
the  organisation  inherited  &om  his  parents.  Temper- 
ance, sobriety,  and  chastity,  however  desirable,  both  in 
themselves  and  in  their  effects,  will  not  insure  long 
life ;  intemperance,  hardship,  and  irregularity  will  not 
prevent  a  man  living  for  a  century  and  a  half.    The 
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tacts  are  there  to  pnnre  both  propoffitions.  Longevity 
is  an  inheritance.  like  talent,  it  may  be  cnltiTated ; 
like  talent,  it  may  be  perverted ;  bnt  it  exists  inde- 
pendently of  all  cultivation,  and  no  coltivation  will 
create  it    Some  men  have  a  talent  fin*  long  life: 

11  Charles  Lejonconrt  pablished,  in  1842,  his  Gaierie 
des  Cenienaires,  in  which  may  be  read  a  cnrioos  list  of 
examples  proving  the  hereditaiy  nature  of  longevity. 
In  one  page  we  have  a  day-labourer  dying  at  the  age 
of  108 ;  his  &ther  lived  to  104,  his  grandfather  to  108, 
and  his  daughter,  then  living,  had  reached  80.  In  an- 
other we  have  a  saddler  whose  grandfather  died  at  1 1 2, 
his  father  at  113,  and  he  himself  at  115.  This  man, 
aged  113,  was  asked  by  Louis  XIV.  what  he  had  done 
to  so  prolong  life  ;  his  answer  was—"  Sire,  since  I  was 
50, 1  have  acted  upon  two  principles :  I  have  shut  my 
heart  and  opened  my  wine-cellar.*'  M.  Lejonconrt  also 
mentions  a  woman  then  living,  aged  150,  whose  £Either 
died  at  124,  and  whose  uncle  at  113.  But  the  most 
surprising  of  the  cases  cited  by  Lucas  is  that  of  Jean 
Oolembiewski,  a  Pole,  who  in  1846  was  still  living, 
aged  102,  having  been  eighty  years  as  common  sol- 
dier, in  thirty-five  campaigns  under  Napoleon,  and 
having  even  survived  the  terrible  Russian  campaign, 
in  spite  of  five  wounds  and  a  soldier's  recklessness  of 
life.  His  father  died  aged  121,  and  his  grandfEither 
130.  Indeed,  the  practice  of  every  annuity  and  in- 
surance office  suffices  to  convince  us  of  ordinary  expe- 
rience having  discovered  that  length  of  life  is  somehow 
dependent  on  hereditary  influence.    That  the  predis- 
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position  to  insanity  and  nervous  diseases  is  inherited, 
every  one  knows. 

M.  Moreau  has  cited  the  following  examples  from  his 
notes : — At  Bicfetre  there  is  now  a  monomaniac,  whose 
paternal  grandmother  died  mad ;  his  father  died  mad ; 
his  maternal  aunt  is  epileptic;  his  eldest  brother 
had  melancholy  madness,  which  terminated  in  suicide ; 
his  sister  is  subject  to  attacks  of  hysterical  epilepi^. 
Another  inmate  of  the  same  asylum  is  subject  to  dan- 
gerous hallucinations;  his  father,  although  not  pre- 
cisely insane,  is  eccentric  almost  to  a  degree  of  in- 
sanity ;  his  eldest  brother  is  excessively  irritable  and 
violent,  and  becomes  almost  maniacal  under  the  small- 
est excess  of  alcoholic  stimulants  ;  four  of  his  paternal 
uncles  committed  suicide.  A  third  case  is  of  an  epi- 
leptic woman,  who  has  given  birth  to  eight  children ; 
three  died  early  from  cdnvulsions ;  one  of  the  remain- 
ing five  is  hysterical,  and  another  epileptic.  This 
woman's  sister  died  of  grief ^  aged  twenty-fiva  Her 
father  died  mad  in  an  asylum.  Her  grandfather  was 
insane.  Her  mother  died  of  consumption,  and  was 
slightly  epileptic  * 

If  these  cases  stood  alone,  we  should  suspect  some- 
thing more  than  coincidence  imderlying  them;  but 
every  physician  knows  that  such  cases  are  frequent 
No  one  expects  that  two  hacks  will  produce  a  race- 
horse; two  mongrels  a  pure  hound;  two  scrofulous 
parents  a  strong  healthy  child ;  two  irascible,  excitable 
parents,  a  gentle,  placid  child ;  two  semi-idiots  a  child 

*  MOBEAU  :  La  PtyckoloffU  Morbide,  p.  189. 
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of  genius.  'Every  one  esqpeeta  that  tbe  qualities  of  tibe 
parents  will  be  inherited  by  the  child,  and  when  they 
are  not  inherited,  we  assome  that  there  has  been  some 
disturbing  influence. 

Bnt  now  comes  the  didScolt  part  of  oor  inquiry. 
Which  is  the  predominating  influence,  the  male  or  the 
female?  If  both  parents  join  to  form  the  child,  does 
one  parent  give  one  group  of  organs,  and  another 
parent  another  group,  or  do  both  give  all  ? 

Speaking  of  mules,  Vicq-d'-A^yr  says,  with  |Htiper 
caution,  "  It  seems  as  if  the  exterior  and  the  extxe- 
mities  were  modified  by  the  father,  and  that  the 
viscera  emanate  from  the  mother/'  The  reserve  with 
which  the  great  anatomist  expresses  himself  has  not 
been  imitated  by  his  successors.  Indeed,  it  is  notaoe- 
able  that  men  in  general  dislike  uncertainties  and  qua- 
lified statements;  they  prefer  decisive  opinions,  dis- 
tinct formnlaa  On  this  subject  they  have  preferred 
the  distinct  formula,  which  has  been  also  adopted  by  Mr 
Orton,  in  his  Lectures,  namely,  "  that  the  male  gives 
the  external  configuration— or,  in  other  words,  the  loco- 
motive organs ;  while  the  female  gives  the  internal — or, 
in  other  words,  the  vital  organa"  This  is  the  theory 
generally  adopted ;  but  although  it  has  the  countenance 
of  authority,  an  extensive  survey  of  the  facts,  and  a 
more  accurate  study  of  embryology,  seem  to  me  wholly 
adverse  to  it. 

Linnseus  said  that  the  intemai  plant  (that  is  to  say, 
the  organs  of  fructification)  is  in  all  hybrids  like  the 
female ;  the  external  organs,  on  the  contrary,  resemble 
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those  of  the  mala  This  statement  is  diametrically  op- 
posed by  de  Candolle,  who  announces  it  as  a  law  that 
the  organs  of  vegetation  are  given  by  the  female,  those 
of  fiructification  by  the  male.  When  two  doctors  of 
such  eminence  differ  on  a  point  like  this,  we  may  rea- 
sonably suspect  that  both  are  right,  and  both  are 
wrong ;  and  here  our  suspicion  is  supported  by  the 
mass  of  facts  adduced  in  the  experiments  of  M.  Sagaret, 
which  refute  the  hypothesis  of  Linnseus,  and  the  hypo- 
thesis of  de  Candolle.  What  we  have  just  indicated 
with  regard  to  plants,  has  been  the  course  pursued  with 
regard  to  animals  :  one  class  of  observations  has  seemed 
to  prove  that  the  father  bestows  the  "  animal  system;'' 
another  class  of  observations  has  seemed  to  prove  that 
the  mother  bestows  it ;  and  a  third  class  has  proved 
both  theories  inadequate.  Quite  recently  General 
Daumas  published  the  result  of  his  long  experience 
with  Arab  horses,*  arguing  that,  according  to  the  testi- 
mony of  the  Arabs,  the  stallion  was  the  most  valuable 
for  purposes  of  breeding.  Upon  this,  the  Inspec- 
teur  des  Haras,  who  had  traversed  Asia  for  the  ex- 
press purpose  of  collecting  evidence  on  the  subject, 
published  his  diametrically  opposite  conclusion,  declar- 
ing that  it  was  the  mare  whose  influence  preponderated 
in  the  foal.  General  Daumas  replied,  and  cited  a  let- 
ter addressed  to  him  by  Abd-el-Kader,  who  may  cer- 
tainly be  said  to  understand  Arab  horses  better  than 
Europeans.    The  letter  is  worth  reading  for  its  own 

*  Let  Chevaux  de  Sahara  ;  see  also  an  article  in  the  Reime  des  Deux 
Mondet,  May  1855,  on  "  Le  Cheval  de  Guerre." 
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sake ;  we  can,  however,  only  qnote  its  testimony  on 
the  particular  point  now  under  discussion.  ''  The  expe- 
rience of  centuries  has  established,"  he  says,  "  that  the 
essential  parts  of  the  organisation,  such  as  the  bonesy 
the  tendons,  the  nerves,  and  the  yeins^  are  always 
derived  from  the  stallion.  The  mare  may  give  the 
colour  and  some  resemblance  to  her  structure,  but  the 
principal  qualities  are  due  to  the  stallion."'  This  is 
very  weighty  testimony,  on  which  we  will  only  for  the 
present  remark,  that  it  merely  asserts  the  preponder- 
ance  of  the  male  influence  as  respects  the  locomotive 
system  ;  it  does  not  assert  that  absolute  independence 
of  any  female  influence  maintained  in  the  formula 
which  we  are  now  combating.  Abd-el-Eader's  state- 
ment is  tantamount  to  that  made  by  Mr  Orton, — "  I 
do  not  mean  it  to  be  inferred  that  either  parent  gives 
either  set  of  organs  uninfluenced  by  the  other  parent ; 
but  merely  that  the  leading  characteristics  and  quali- 
ties of  both  sets  of  qualities  are  due  to  the  male  on  the 
one  side,  and  to  the  female  on  the  other,  the  oppo- 
site parent  modifying  them  only." 

This  is  a  much  more  acceptable  theory  than  the 
other,  but  it  is  only  an  approximation  to  the  trutL 
Mr  Orton's  first  illustration  is  the  hybrid  of  the  horse 
and  ass  :  "  It  is  known  that  the  produce  of  the  male 
ass  and  the  mare  is  a  mule ;  but  I  do  not  think  it  is 
equally  well  known  that  the  produce  of  the  stallion  and 
the  female  ass  is  what  has  been  denominated  a  hinny — 
yet  such  is  the  case The  mule,  the  pro- 
duce of  the  ass  and  mare,  is  essentially  a  modified 


HULE  AKD  HINNY.  393 

the  ears  are  those  of  an  ass  somewhat  shortened — ^the 
mane  is  that  of  an  ass — the  tail  is  that  of  an  ass — the 
skin  and  colour  are  those  of  an  ass  somewhat  modi- 
fied— ^the  legs  are  slender,  the  hoofs  high,  narrow,  and 
contracted,  like  those  of  an  ass.  The  body  and  barrel 
are  round  and  full,  in  which  it  differs  from  the  ass  and 
resembles  the  mare/' 

This  description  is  accurate,  but — ^we  put  it  interro- 
gatively— is  it  always  the  description  of  a  mule,  and 
never  that  also  of  a  hinny  ?  This  latter,  the  produce  of 
the  stallion  and  the  female  ass,  ''  is  essentially  a  modi- 
fied horse — ^the  ears  like  those  of  a  horse  somewhat 
lengthened — ^the  mane  flowing — ^the  tail  bushy  like 
that  of  a  horse — ^the  skin  is  fine  like  that  of  a  horse — 
the  legs  are  stronger,  and  the  hoofs  broad  and  expanded 
like  those  of  a  horsa  The  body  and  barrel  are  flat  and 
narrow,  in  which  it  differs  from  the  horse,  and  re- 
sembles its  mother  the  ass."  !From  these  facts  Mr 
Orton  deduces  the  conclusion,  that  the  offspring  of  a 
cross  is  not  simply  a  mixture  of  the  two  parents,  nor 
is  it  an  animal  that  has  accidentally  a  similitude  to  one 
or  other  of  its  parents,  inasmuch  as  we  can  produce  at 
will  either  the  hinny  or  the  mule.  The  reader  will 
presently  see  why  such  a  conclusion  cannot  be  accepted; 
and  we  may  at  once  anticipate  what  will  hereafter  be 
more  fully  explained,  by  saying  that  the  differences  Mr 
Orton  signalises  are  easily  interpreted  by  another 
theory.  In  point  of  fact,  both  mule  and  hinny  are 
modified  asses :  in  each  the  structure  and  disposition 
of  the  ass  predominates ;  and  it  does  so  in  virtue  of 
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that  greater  "  potency  of  race"  which  belongs  to  the 
ass — a,  potency  which  is  less  effective  on  the  hinny, 
because  the  superior  vigour  of  the  stallion  modifies  it, 
according  to  ascertained  laws. 

"I  would  caU  your  consideration/'  Mr  Orton  con- 
tinues, '^  to  a  very  curious  circumstance  pertaining  to 
the  voice  of  the  mule  and  the  hinny ;  to  which  my  atten- 
tion was  called  by  Mr  Lort  The  mule  brays,  the 
hinny  neighs.  The  why  and  wherefore  of  this  is  a  per- 
fect mystery,  imtil  we  come  to  apply  the  knowledge 
afforded  us  by  the  law  I  have  given.  The  male  gives 
the  locomotive  organs,  and  the  muscles  are  amongst 
these ;  the  muscles  are  the  organs  which  modulate  the 
voice  of  the  animal :  the  mule  has  the  muscular  struc- 
ture of  its  sire  the  ass,  and  brays ;  the  hinny  has  the 
muscular  structure  of  its  sire  the  horse,  and  neighs." 

This  seems  decisive,  until  we  extend  our  observa- 
tions,  and  then  we  find  the  law  altogether  at  fault. 
The  produce  of  a  dog  and  a  she-wolf  sometimes  bark 
and  sometimes  only  howl,  according  to  Buffon ;  and 
the  produce  of  a  bitch-fox  and  a  dog,  according  to  Bur- 
dach,  barked  like  a  dog,  though  somewhat  hoarsely, 
and  howled  like  a  wolf  when  it  was  hurt.  A  similar 
remark  has  been  made  by  all  who  have  attended  to 
cross-breeding  in  birds ;  the  hybrid  of  the  goldfinch 
and  the  canary  has  the  song  of  the  goldfinch  mingled 
with  occasional  notes  of  the  canary,  which  seem  perpe- 
tually about  to  gain  the  predominance. 

These  illustrations,  apart  from  their  interest,  teadi  u& 
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to  be  cantions  in  generalising  from  a  few  facts,  however 
striking,  in  questions  so  complex  as  all  biological  ques- 
tions ara  Let  us,  however,  continue  to  call  on  Mr  Orton 
for  facts.  He  quotes  a  letter  from  Dr  George  Wilson  to 
Dp  Harvey,  respecting  the  produce  of  the  Manx  cat  and 
the  common  cat.  The  Manx  cat  has  no  tail,  and  is 
particularly  long  in  the  hinder  legs.  "  You  will  see,'* 
says  Dr  Wilson,  "  from  the  facts  communicated,  that 
where  the  Manx  cat  was  the  mother,  the  kittens  had 
taUs  of  a  sort ;  where  the  Manx  cat  was  the  father, 
three-fourths  of  the  kittens  had  no  tail."  Mr  Orton 
also  quotes  a  communication  made  to  him  by  Mr  Gar- 
nett,  of  Clitheroe : — "  From  these  I  select  those  per- 
taining to  the  Muscovy  duck  and  some  hybrids  pro- 
duced between  it  and  the  common  duck.  You  are 
aware  that  the  Muscovy  drake  exceeds  in  a  striking 
degree  the  duck  in  size ;  the  drake  weighing  from  8  to 
9J  lb.,  while  the  duck  weighs  only  from  3  to  4  lb. 
Hybrids  produced  from  the  Muscovy  drake  and  com- 
mon duck  followed  this  peculiarity  of  the  male  parent 
as  to  the  relative  size  of  the  male  and  female  hybrids ; 
the  male  weighing  from  5  to  6  lb,  the  females  not 
half  as  much.  On  the  other  hamd,  the  difference  in  the 
size  of  the  sexes  when  the  hybrids  were  the  produce  of 
the  common  drake  and  the  Muscovy  duck,  was  not 
apparent" 

A  valuable  observation,  certainly.  Mr  Orton  adds 
the  following  of  his  own.  He  placed  a  Cochin  cock 
with  his  common  hens,  ''reasoning  that  if  the  vital 
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organs  were  due  to  the  female,  then  the  cross  between 
these  birds  (being  externally  Cochins  and  internally 
common  hens)  should  lay  white  eggs,  the  secretion  of 
the  egg  being  a  vital  function.  You  know  that  the 
Cochin  lays  a  chocolate-coloured  egg.  The  half-breed 
did  what  theory  said  they  should  do — laid  white  e^s ; 
and  not  only  white  eggs,  but  eggs  also  which,  on  the 
evidence  of  myself  and  family,  were  very  inferior  in 
taste,  having  lost  the  mellow,  buttery  taste  of  the 
Cochin  egg.'' 

But  he  has  recorded  another  curious  fact  respecting 
this  same  experiment,  which  might  have  made  him 
aware  of  the  problematical  nature  of  his  theory,  had 
not  his  sagacity  been  hoodwinked  by  the  theory  : — 
''These  same  half-bred  birds  afforded  another  and  a 
very  unlooked-for  illustration  of  the  position  we  have 
taken.  They  were  all,  when  first  hatched,  like  the 
Cochin  cock,  profusely  feathered  on  the  legs  and  feet — 
so  much  so,  that  they  had  to  be  marked  to  distingoish 
them  &om  the  pure-bred  birds.  We  see  here  that, 
according  to  the  law,  the  male  parent  implanted  his 
characteristics  ;  but  what  was  curious,  in  a  few  weeks, 
in  some  of  the  half-breeds  all,  and  in  many  most  of 
the  leg  feathers  were  shed.  Two  out  of  some  twenty 
birds  only  retained  them  in  any  very  conspicuous 
degree.  Now,  why  was  this  ?  The  cock  had  implanted 
his  external  characteristics,  the  hen  had  given  her  vital 
oigana  The  feathers  of  the  male  were  there ;  but  the 
vital  organs  necessary  to  their  growth  were  not  there ; 
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and  consequently,  after  a  time,  for  want  of  nutriment, 
these  feathers  were  shed." 

We  will  not  here  enter  on  the  question  of  the  growth 
of  feathers  (a  very  complex  matter),  but,  accepting  his 
own  premises,  ask  him,  if  the  external  characteristics 
are  thus  dependent  on  the  vital  organs  for  their  growth 
and  development,  and  these  vital  organs  are  given  by 
the  female,  how  does  the  child  ever  exhibit  the  char- 
acteristics of  the  male,  after  infancy  ?  Of  what  use  is 
it  for  the  male  to  implant  his  characteristics,  when  the 
female  influence  is  thus  certain  to  annihilate  them  ? 

Mr  Orton  further  cites  the  practice  of  Bakewell 
with  respect  to  his  celebrated  Dishley  sheep.  His 
rams  might  be  bought  or  hired,  for  a  good  price  ;  but 
his  best  ewes  were  sacred.  These  he  would  neither 
sell  nor  let.  As  a  counter-statement,  let  it  be  noted 
that,  according  to  Girou,  the  farmers  are  more  parti- 
cular about  the  bull  than  about  the  cow  when  they 
want  a  good  milking  cow,  for  it  is  observed  that  the 
property  of  abundant  secretion  of  milk  is  more  certain 
to  be  transmitted  from  a  bull  than  from  a  cow.  We 
question  the  fact  of  the  bull  having  greater  influence 
than  the  cow,  believing  that  in  each  case  the  property 
is  transmitted  according  to  direct  heritage ;  but  that 
the  bull  should  be  known  to  have  any  importance  in 
this  respect,  is  an  evidence  that  the  "  vital  organs  "  are 
not  solely  given  by  the  female. 

The  result  of  Mr  Orton's  researches  proves  that  the 
male  does  transmit  his  qualities  to  his  descendants ;  as 
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a  matter  of  fact  this  most  be  always  distinctly  remem- 
bered ;  but  neither  his  researches  nor  those  of  his 
predecessors  suffice  to  prove  this  transmission  to  be 
absolve,  in  the  sense  required  by  those  who  maintain 
that  the  male  gives  the  animal  and  the  female  the 
vegekUive  organs ;  as  well  as  by  those  who  maintain 
that  the  male  influence  necessarily  and  invariably  pie- 
dominates  in  the  animal,  llie  female  in  the  vegetative 
organs.  •  Still  it  is  important  to  know  that  by  the  pol- 
len of  flowers  we  can  modify  the  tints^  and  produce 
any  vaiieties  of  tuUp,  violet,  or  dahlia  ;  important  to 
know  that  we  can  also  modify  the  plumage  of  birds 
and  the  colour  of  animals :  it  is  important  to  know 
that  the  male  qualities  are  transmissible.  But  for 
scientific  rigour  this  is  not  enough.  Before  we  can 
establish  a  law  of  this  kind^  we  must  be  sure  that  the 
&ct  is  constant  and  admits  of  no  exceptions,  or  only 
of  such  apparent  exceptions  as  may  be  classed  imder 
tmexplained  perturbations.  Now  daily  observations,  no 
less  than  recorded  cases,  assure  us  that  the  law  is  very 
far  from  being  constant,  that  the  female  as  unmistak- 
ably transmits  her  qualities  as  the  male  transmits  his, 
and  that  any  theorist  who  should  reverse  the  current 
theory,  and  declare  the  mother  bestowed  the  animal 
system,  leaving  the  vegetative  to  the  father,  would  be 
able  to  make  a  formidable  array  of  tiacta.  Let  us 
glance  a  while  at  the  evidenca 

The  male  is  said  to  give  the  colour ;  but  the  female 
does  so  likewise.  A  black  cat  and  a  white  cat  will 
have  kittens  which  may  be  all  black,  all  white,  or 
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black  spotted  with  white,  and  white  spotted  with 
black.  Every  street  will  famish  examples.  Isidore 
Geoffiroy  St  HUaire  speaks  of  a  case  under  his  observa- 
tion, of  a  black  buck  and  a  white  doe :  the  first  pro- 
duce was  a  black  and  white  fawn  ;  the  second  a  fawn 
•entirely  black,  except  a  white  spot  above  the  hoof* 
Burdach  mentions  the  case  of  a  raven  and  a  grey 
•crow,  who  had  a  brood  of  five — ^two  black  like  the 
father,  two  grey  like  the  mother,  and  one  mixed. 
The  ass  has  only  five  lumbar  vertebrae,  the  horse  six ; 
but  the  mule  has  sometimes  five  like  its  mother,  and 
six  like  its  &ther;  the  hinny  also  shows  the  same 
Inconstancy.  The  same  result  is  observed  with  respect 
to  all  other  qualities.  But  perhaps  the  most  decisive 
example  we  could  quote  of  the  twofold  influence  of 
parents  is  in  the  singular  instance  recorded  by  BufFon. 
The  Marquis  Spontin-Beaufort  had  a  she-wolf  living 
in  his  stables  with  a  setter  dog,  by  whom  she  had  two 
-cubs,  a  male  and  a  female.  The  male  resembled  ex- 
ternally his  father  the  dog,  except  that  his  ears  were 
pointed  and  his  tail  was  like  that  of  the  wolf;  the 
female,  on  the  contrary,  resembled  her  mother,  the 
wolf,  in  all  external  characteristics  except  the  tail, 
which  was  the  same  as  her  father^s.  Here,  in  one  case, 
the  father  gave  the  external  characteristics,  in  the 
other  the  mother ;  while  the  tail  was  in  each  case,  as 
it  were,  transposed  But  the  marvel  of  this  case  does 
not  stop  here :  the  cubs  manifested  a  striking  differ- 
ence in  disposition,  in  each  case  resenMing  in  char- 

*  Diet  Clauique  cCHiitoire  NaturdUy  x.  121. 
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Oder  the  parent  it  did  not  resemble  in  appearance 
and  in  sex :  thus  the  male  cub^  which  had  aU  the 
appearance  of  a  dog,  was  fierce  and  untamable  as  the 
wolf;  the  female  cub,  which  had  all  the  appearance  of 
a  wolf,  was  familiar,  gentle,  and  caressing  even  to  im- 
portunity. Lucas  records  an  analogous  case.  These 
hybrids  are  very  instructive,  because  the  wide  diflfer- 
ences  in  the  aspect  and  nature  of  the  parents  enable 
us  to  separate,  as  it  were,  the  influence  of  each.  The 
wolf  and  the  dog  often  breed  together ;  and  the  follow- 
ing observations,  interesting  in  themselves,  will  suffice 
to  show  the  reader  how  much  caution  is  necessary 
before  drawing  absolute  conclusions  from  single  illus- 
trations. Valmont  Bomare  observed  in  the  various 
hybrids  of  wolf  and  dog  which  came  under  his  notice 
at  Chantilly,  a  striking  preponderance  of  the  wolf  over 
the  dog ;  Marsch,  on  the  contrary,  observed  in  his  ex- 
perience a  preponderance  of  the  dog  over  the  wolf ; 
Qeofiroy  St  Hilaire  and  Pallas  found  the  wolf  to  pre- 
dominate ;  whereas,  Marolle  found  the  cubs  remark- 
able for  their  gentleness  and  doglike  instincts,  only 
recalling  the  wolf  in  their  voracity  and  fondness  for 
flesh.  Girou  found  the  preponderance  to  vary ;  some- 
times the  father,  sometimes  the  mother  reappeared  in 
the  offspring.  If  there  were  no  other  evidence,  this 
would  suffice  to  disprove  the  hypothesis  of  either 
parent  contributing. one  group  of  organs  to  the  abso- 
lute exclusion  of  the  other  parent. 

The  same  fact  of  twofold  influence  is  shown  in  the 
transmission  of  deformities,  such  as  extnk  toes,  extra 
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fingers,  &c. :  sometimes  the  male,  and  sometimes  the 
female,  is  shown  to  preponderate,  by  the  ofispring  in- 
heriting the  deformity  of  the  male  or  the  femala  It  is 
well  said  by  Girou,*  that  "  if  the  organisation  of  the 
male  was  the  only  one  which  passed  to  the  child,  the 
child  would,  resemble  the  father,  as  the  &uit  of  a  graft 
resembles  the  tree  from  which  the  graft  was  taken^  and 
not  at  all  the  tree  on  which  it  was  grafted/'  And 
what  is  here  said  of  the  whole  organisation,  applies 
with  equal  force  to  any  one  system,  such  as  the  nervous 
or  the  nutritive. 

Moreover,  if  the  hypothesis  we  are  combating  be 
admitted — ^if  the  father  bestows  the  nervous  system — 
how  are  we  to  explain  the  notorious  inferiority  of  the 
.children  of  great  men  ?  There  is  considerable  exagge- 
ration afloat  on  this  matter,  and  able  men  ha^e  been 
called  nullities  because  they  have  not  manifested  the 
great  talents  of  their  fathers ;  but  allowing  for  all  over- 
statement, the  palpable  fact  of  the  inferiority  of  some 
sons  to  their  fathers  is  beyond  dispute,  and  has  helped 
to  foster  the  idea  of  aU  great  men  owing  their  genius  to 
their  mothers :  an  idea  which  will  not  bear  confronta- 
tion with  the  facts.  Many  men  of  genius  have  had 
remarkable  mothers  ;  and  that  one  such  instance  could 
be  cited  is  sufficient  to  prove  the  error  both  of  the 
hypothesis  which  refers  the  nervous  system  to  paternal 
influence,  and  of  the  hypothesis  which  only  refers  the 
preponderance  to  the  paternal  influence.  If  the  male 
preponderates,  how  is  it  that  Pericles,  who  "  carried  the 

*  Dela  OSniralxon,  p.  113. 
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weapons  of  Zeus  upon  his  tongue/'  produced  nothuig 
better  than  a  Paralus  and  a  Xanthippus  ?  How  came 
the  infamous  Lysimachus  from  the  austere  Aristides  ? 
How  was  the  weighty  intellect  of  Thucydides  left  to  be 
represented  by  an  idiotic  Milesias,  and  a  stupid  Ste- 
phanus  ?  Where  was  the  great  soul  of  Oliyer  Crom- 
well in  his  son  Richard  ?  Who  were  the  inheritors  of 
Henry  IV.  and  Peter  the  Great?  What  were  Shake- 
speare's children,  and  Milton's  daughters  ?  What  was 
Addison's  only  son?  an  idiot  Unless  the  mother  pre- 
ponderated in  these  and  similar  instances,  we  are  with- 
out an  explanation ;  for  it  being  proyed  as  a  law  of 
heritage,  that  the  individual  does  transmit  his  quali- 
ties to  his  offspring,  it  is  only  on  the  supposition  of 
both  individuals  transmitting  their  organisations,  and 
the  one  modifying  the  other,  that  such  anomalies  are 
conceivabla  When  the  paternal  influence  is  not  coun- 
teracted, we  see  it  transmitted.  Hence  the  common 
remark,  '^  talent  runs  in  families."  The  proverbial 
phrases,  "  I'esprit  des  Mortemarts,"  and  the  "  wit  of  the 
Sheridans,"  imply  this  transmission  from  &ther  to 
son.  Bernardo  Tasso  was  a  considerable  poet,  and  his 
son  Torquato  inherited  his  faculties  heightened  by  the 
influence  of  the  mother.  The  two  Herschels,  the  two 
Colemans,  the  Kemble  family,  and  the  Coleridges,  will 
at  once  occur  to  the  reader ;  but  the  most  striking  ex- 
ample known  to  us  is  that  of  the  family  which  boasted 
Jean  Sebastian  Bach  as  the  culminating  illustration  of 
a  musical  genius,  which,  more  or  less,  was  distribuced 
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over  three  himdred  Bachs,  the  children  of  very  vari- 
oas  mothera 

Here  a  sceptical  reader  may  be  tempted  to  ask,  how  a 
man  of  genins  is  ever  produced,  if  the  child  is  always 
the  repetition  of  his  parents  ?  How  can  two  parents 
of  ordinary  capacity  produce  a  child  of  extraordinaiy 
power  ?  The  answer  mast  be  postponed  imtil  we  come 
to  treat  of  secondaiy  infiinences.  For  the  present,  we 
<x)ntent  onrselves  with  insisting  on  the  conclusion  to 
which  the  foregoing  survey  of  £Etcts  has  led,  namely, 
that  both  parents  are  always  represented  in  the  off- 
spring ;  and  although  the  male  influence  is  sometimes 
seen  to  preponderate  in  one  direction,  and  the  female 
influence  in  another,  yet  this  direction  is  by  no  means 
xx>nstant,  is  often  reversed,  and  admits  of  no  absolute 
rediiction  to  a  known  formula.  We  cannot  say  abso- 
lutely, "  the  male  gives  such  organs ;"  we  cannot  even 
say,  "  the  male  always  pieponderates  in  such  or  such  a 
direction."  Both  give  all  organs ;  sometimes  one  pre- 
ponderates, sometimes  the  other.  In  one  family  we  see 
•children  resembling  the  £Either,  children  resembling  the 
mother,  and  children  resembling  both. 

This  is  the  conclusion  inevitable  on  a  wide  survey  of 
the  facts.  It  is  equally  inevitable  a  priori,  if  we  take 
our  stand  upon  the  evidence  of  embryology ;  and  as 
some  readers  prefer  logical  deductions  to  any  massive 
accumulation  of  £Gu;ts,  we  will  ask  them  to  consider  the 
•question  from  this  point  of  view.  Seproduction,  in 
the  vegetable  and  animal  kingdoms,  is  known  to  natu- 
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lalists  under  three  forms.  In  the  first,  a  single  cell 
spontaneously  divides  itself  into  two  cells.  Here  it  is 
quite  clear  that  the  child  reproduces  the  totality  of  the 
parent.  In  the  second  form,  the  process  called  "  bud- 
ding" takes  place :  the  child  here  grows  out  of  the 
substance  of  the  parent,  until  its  development  is  com- 
pleted, and  then  it  separates  itself  from  the  parent  to 
live  a  free  life.  Here  also  the  parent  is  reproduced  in 
its  totality.  In  the  third  form,  a  higher  complexity  of 
organisation  has  led  to  a  more  complex  and  more  spe- 
cial mode  of  reproduction :  the  parent  gives  off  from 
its  own  substance,  by  what  may  be  also  considered  a 
"  budding  process,"  a  mass  of  cells,  which  as  pollen 
and  ovule,  as  sperm-cells  and  germ-cells,  unite  to  de- 
velop into  plants  or  animals.  Here,  again,  there  ought 
to  be  no  doubt  that  the  parents  are  reproduced ;  their 
offspring  truly  may  be  called  "  their  own  flesh  and 
blood."  Nor  would  the  doubt  have  ever  arisen,  had 
not  the  great  complexity  of  the  organisms  admitted  the 
intervention  of  the  Law  of  Variations,  to  which  all 
dissemblances  are  due.  But  however  such  interven- 
tions may  bafBie  our  inquiries,  the  mind  recognises  at 
once  the  truth  of  the  proposition  that  sperm-cell  and 
germ-cell  are  as  much  to  be  regarded  in  the  light  of 
reproductions  of  the  parents,  as  the  cells  produced  by 
spontaneous  division  are  to  be  regarded  in  the  light  of 
repetitions  of  the  parent-celL 

It  is  now  time  that  we  should  direct  our  attention  to 
some  of  the  perturbing  causes  which  mask  the  laws  of 
transmission  from  our  perfect  apprehension.     While 
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proclaiming  as  absolute  the  law  of  individual  trans- 
mission, while  proclaiming  that  the  parents  are  always 
reproduced  in  the  offspring,  we  are  met  by  the  obvious 
fact  of  the  offspring  often  exhibiting  so  marked  a  de- 
parture from  their  parents,  being  so  different  in  form 
and  disposition,  that  the  law  seems  at  fault.  We  may 
point  to  the  fact  of  a  genius  suddenly  starting  up  in  an 
ordinaiy  family,  or  to  a  thousand  illustrative  examples 
in  which  the  law  of  individual  transmission  seems  at 
fault.  To  explain  these  would  be  to  have  mastered  the 
whole  mystery  of  heritage ;  all  that  we  can  do  is  to 
mention  some  of  the  known  perturbing  influences. 

Sir  Everard  Home  mentions  a  striking  case,  which 
has  become  celebrated,  of  a  thorough-bred  English 
mare,  who,  in  the  year  1816,  had  a  mule  by  a  quagga 
— the  mule  bearing  the  unmistakable  quagga  marks. 
In  the  years  1817,  1818,  and  1823,  this  mare  again 
foaled,  and  although  she  had  not  seen  the  quagga  since 
1816,  her  three  foals  were  all  marked  with  the  curious 
quagga  marks.  Nor  is  this  by  any  means  an  isolated 
case.  Meckel  observed  similar  results  in  the  crossing 
of  a  wild  boar  with  a  domestic  sow ;  in  the  first  litter 
several  had  the  brown  bristles  of  the  father ;  and  in 
each  of  the  sow's  subsequent  litters  by  domestic  boars, 
some  of  the  young  ones  were  easily  distinguished  by 
their  resemblance  to  the  wild  boar.  Mr  Orton  verified 
this  fact  in  the  cases  of  dogs,  pigs,  and  poultiy. 

Besides  this  very  remarkable  perturbing  influence, 
we  must  also  consider  the  phenomenon  of  atavism,  or 
ancestral  influence,  in  which  the  child  manifests  strik- 
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ing  resemblance  to  the  grandfather  or  grandmoth^, 
and  not  to  the  fj&ther  or  mother.  The  fact  is  fsimiliar 
enough  to  dispense  with  our  citing  examples.  How  is 
it  to  be  explained  ?  It  is  to  be  explained  on  the  sup- 
position that  the  qualities  were  transmitted  &om  the 
grandfather  to  the  father,  in  whom  they  were  madked 
by  the  presence  of  some  antagonistic  or  controlling  in- 
fluence, and  thence  transmitted  to  the  son,  in  whom, 
the  antagonistic  influence  being  withdrawn,  they  mani- 
fested themselvea  A  man  has  a  remarkable  aptitude 
for  music ;  but  the  influence  of  his  wife  is  such  that 
their  children,  inheriting  her  imperfect  ear,  manifest 
no  musical  talent  whatever.  These  children,  however, 
have  inherited  the  disposition  of  their  father,  in  spite 
of  its  non-manifestation  ;  and  if,  when  they  transmit 
what  in  them  is  latent,  the  influence  of  their  wives  is 
favourable,  the  grandchildren  may  turn  out  to  be  musi- 
cally-gifted. In  the  same  way  Consumption  or  Insan- 
ity seems  to  lie  dormant  for  a  generation,  and  in  the 
next  flashes  put  with  the  same  fury  as  of  old.  Atav- 
ism is  thus  a  phenomenon  always  to  be  borne  in  mind 
as  one  of  the  many  complications  of  the  complex  pro- 
blem. 

A  third  cause  of  complication  is  one  which  we  pro- 
pose to  caU  "the  potency  of  the  individual''  Both 
father  and  mother  transmit  their  organisations,  but 
they  do  so  in  unequal  degrees :  the  more  potent  pre- 
dominates ;  just  as  if  you  mix  brandy  with  equal 
amounts  of  water,  soda-water,  and  ginger-beer,  the  taste 
of  the  brandy  wiU  predominate  more  in  the  water  than 
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in  the  soda-water,  more  in  the  soda-water  than  in  the 
ginger-beer. 

According  to  Bush  (quoted  by  Lucas),  the  Danes,  in- 
termanying  with  women  of  the  East,  always  produce 
children  resembling  the  European  type  ;  but  the  con- 
verse does  not  hold  good  when  Danish  women  inter- 
marry with  the  men  of  the  East  Elaproth  observes 
the  same  in  the  mingh'ug  of  the  Caucasian  and  Mongo- 
lian races.  Oirou,  after  five-and-twenty  years'  experi- 
ence in  the  breeding  of  sheep,  fotmd  this  "  potency " 
destroy  his  calculations.  He  fancied  that,  by  means 
of  his  BoussUlon  sheep  and  the  Merino  rams,  he  could 
sooner  arrive  at  the  fineness  of  wool  which  distinguishes 
the  Merino,  than  if  he  coupled  the  Aveyron  sheep  with 
the  Merino  rams ;  but  he  found  that  the  Boussillon  type 
resisted  the  Merino  so  eneigetically  that,  after  a  quar- 
ter of  a  century  of  successive  crossings,  it  still  reap- 
peared, whereas  the  Aveyron  sheep  had  long  ceased 
to  be  distinguishable  from  the  Merinos.  The  same 
potency  of  particular  species  is  noticeable  in  plants. 
Koelreuter  is  quoted  by  Burdach  as  having  fecundated 
the  Ificotiana  paniculata  with  the  pollen  of  N.  rus- 
tica  ;  and  the  hybrids  thus  produced  were  fecundated 
with  the  pollen  of  N,  paniculata,  but  the  plants  re- 
sembled the  N,  rustica.  On  reversing  this  experiment, 
he  still  found  the  female  N.  rustica  to  have  the  prepon- 
derance ;  so  that,  cross  the  species  how  he  would,  the 
N,  rustica  showed  most  potency. 

But  although  we  thus  see  that  Bace  has  a  marked 
preponderance,  we  must  also  remember  that  it  is  sub- 
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ject  to  the  indiTidual  yariations  of  vigour,  health,  age, 
Sec.  Girou  sums  up  his  obseirations  with  this  general 
remark :  the  offspring  of  an  old  nude  and  a  young 
female  resembles  the  &ther  less  than  the  mother  in 
proportion  as  the  mother  is  more  Tigoroos  and  the 
father  more  decrepit ;  the  reverse  is  true  of  the  off- 
spring of  an  old  female  and  a  yonng  male.  In  fact,  if 
we  consider  that  the  offspring  reproduces  die  oi^ganisa- 
tion  of  its  parents,  and,  consequently,  the  oiganisation 
of  thcU  particular  period,  we  see  at  (Jnce  that  age, 
health,  and  general  potency  of  oiganisation,  must  be 
taken  into  the  account  of  complicating  causes.  This 
also  will  help  to  explain — but  not  wholly  explain — the 
great  differences  observable  in  the  same  family :  differ- 
ences of  sex,  of  strength,  and  appearance.  At  present, 
however,  science  can  only  take  note  of  it  as  a  '^  per- 
turbing influence" 

Seviewing  the  evidence  which  has  been  adduced,  we 
find  it  establishing  the  following  important  positions. 
We  inherit  &om  our  parents  the  general  form  and  feat- 
ures, the  bony,  muscular,  nervous,  and  glandular  struc* 
tures:  there  is  no  absolute  constancy  in  the  trana- 
mission  of  any  one  part  of  the  oiganisation ;  but  just 
as  the  features  may  be  curiously  compounded  of  the 
features  of  both  parents,  or  the  eyes  and  mouth  may 
resemble  those  of  the  mother,  while  the  chin,  nose,  and 
brow  resemble  those  of  the  father ;  so  may  the  various 
parts  of  the  body  be  a  compound  of  the  organs  of  both 
parents,  or  a  distribution  of  the  organs  of  both  parents. 
With  this  inheritance  of  the  general  oiganisation,  we 
necessarily  inherit  its  tendencies.    We  inherit  the  tern- 
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perament,  the  longevity,  the  strength,  the  susceptibility 
of  one  or  both  par^its.  We  inherit  the  tendency  to 
scrofula,  epilepsy,  or  mania.  We  inherit  the  nemous*  \ 
system,  no  less  than  the  muscular  and  bony  ;  and  .Tvjjith  - 
the  nervous  system,  we  inherit  its  general  and  particular 
characters — that  is  to  say,  the  general  sensibility  of  the 
system,  and  the  conformation  of  the  brain  and  sensory 
ganglia,  are  as  much  subject  to  the  law  of  transmission 
as  the  size  and  conformation  of  the  bony  and  muscular 
structures  are.  This  being  so,  it  is  evident  that  all  those 
tendencies  which  depend  on  the  nervous  system  will 
likewise  be  inherited ;  and  even  special  aptitudes,  such 
as  those  for  music,  mathematics,  wit,  and  so  on,  will  be 
inherited;  nay,  even  acquired  tendencies,  and  tricks  of 
gesture,  will  be  inherited.  But  this  inheritance  is  in 
each  case  subject  to  the  influence  exercised  by  the  other 
parent ;  and  very  often  this  influence  is  such  as  to 
modify,  to  mask,  or  even  to  entirely  suppress  the  mani- 
festation. A  man  of  highly  susceptible  nervous  organ- 
isation, a  man  of  genius,  marries  a  woman  of  powerful 
organisation,  but  of  rather  inferior  brain :  the  influence 
of  the  mother  is  such,  that  the  child  turns  out  perhaps 
irritable,  nervous,  but  intellectually  feeble;  or  healthy, 
vigorous,  and  commonplace;  or  even  stupid,  and,  it  may 
be,  idiotic.  Or  both  parents  may  be  remarkable  for 
intellect,  yet  because  their  nervous  systems  have  been 
developed  at  the  expense  of  their  nutritive  systems,  their 
child  may  be  susceptible,  but  puny  and  feeble. 

m 

Without  presuming  to  fix  the  limits  of  inheritance, 
I  must  confess  that  I  cannot  extend  them  so  far  as  some 
writers  seem  disposed  to  extend  them.     F.  Cuvier,  for 
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instance,  says  that  yoimg  foxes,  in  oonntries  wliere  tnpa 
are  laid,  are  less  easQy  can^t  than  yonng  foxes  else- 
where :  this  may  be  strictly  troe,  bat  I  (Cannot  legaid 
this  as  evidence  that  the  foxes  have  inherited  greater 
wariness  in  regard  to  traps.  It  is  possiUe  that  ibey 
may  inherit  a  greater  sosceptibilily  to  fear  of  ott  objects, 
if  fear  has  been  more  actiye  in  their  ancestors ;  because 
this  will  depend  upon  the  general  susceptibility  of  die 
nervons  q^stem  baring  been  heightened ;  bat  to  suppose 
that  yonng  foxes  inherit  any  partdcolar  fear  of  traps,  is 
to  beUere  in  the  existence  of  innate  ideas.  It  is  con- 
ceivable that  a  devont  tendency  may  be  inherited  from 
parents  in  whom  devotion  was  a  very  eminent  quality ; 
because  it  is  conceivable  that  a  peculiarity  of  organisa- 
tion may  have  been  inherited,  which  would  impress  this 
tendency  on  the  mind  of  the  child ;  but  we  cannot  .con- 
ceiye  anything  so  specific  as  the  worship  of  the  Virgin 
to  be  inherited,  even  after  centuries  of  devotion. 

There  are  many  other  topics  connected  vrith  this 
subject  of  inheritance,*  but  our  space  will  only  admit 
of  one  more  being  touched  on,  and  that  is  the  question 
of  whether  it  is  morally  justifiable  to  consent  to  a  mar- 
riage when  one  of  the  lovers  has  the  "  taint"  of  insanity 
or  consumption, — either  directly  manifested,  or  only 
suspected  to  exist  because  it  has  been  manifested  in  the 
family.  I  believe  it  to  be  as  certain  that  the  tendency 
to  insanity,  scrofula,  or  consumption  is  transmitted  from 
parent  to  child  as  that  any  other  peculiarity  is  trans- 

*  In  Hebbebt  Spekoib's  PrineipleM  qf  Ptj/ekology  will  be  found 
numerous  applications  of  the  law  of  inheritance,  espeoiaUy  as  regards 
the  Moral  Senso  and  intellectual  progress. 
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mitted  :  if  we  expect  a  Boman-nosed  father  to  trans- 
mit that  form  of  feature  to  his  son,  we  must  also  expect 
him  to  transmit  the  ''  taint "  of  insanity,  or  scrofula. 
If  this  were  the  whole  case,  the  moral  rule  would  be 
clear,  and  marriage  would  be  imperiously  forbidden. 
But  certain  as  the  law  is,  it  is  not  single.  There  is 
another  law  equally  valid.  The  child  of  the  Roman- 
nosed  father  is  just  as  likely  to  be  bom  with  a  nose  not 
at  all  or  very  slightly  aqidline,  inheriting  from  his 
mother  as  well  as  from  his  father ;  the  child  of  the 
tainted  father  Lb  just  as  likely  to  be  bom  with  a  very 
sljght  taint,  or  none  that  is  appreciable.  We  see  this 
constantly  in  families :  one  parent  is  carried  off  by  con- 
sumption ;  two  or  three  of  the  children  likewise  perish ; 
one  or  two  are  merely  delicate  ;  the  rest  seem  as  vig- 
oroua  as  other  people.  If  this  is  tme  in  cases  where 
one  parent  is  manifestly  and  fatally  affected,  how  much 
more  must  it  be  so  in  cases  where  the  parent  is  only 
liable  to  the  possibility  of  being  affected,  because  the 
disease  is  in  the  family  ?  All  that  we  can  say  is  that 
there  is  a  great  risk.  Much  will  depend  on  the  consti- 
tution of  the  untainted  parent.  A  man  with  tubercles 
already  formed  may  marry  a  woman  who  shall  bear  him 
numerous  children,  all  perfectly  healthy  ;  whereas  the 
same  man  may  marry  another  woman  whose  children 
would  all  be  doomed.  Each  individual  case  would  re- 
quire a  deliberate  survey  of  all  the  conditions  before 
a  reasonable  judgment  could  be  offered  ;  no  absolute 
rule  can  be  laid  down,  because  none  will  fit  the  com- 
plexity of  the  case& 
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Life  and  Death  are  familiar  mysteriea  Nothing  can 
be  more  familiar  to  our  minds ;  of  nothing  do  ^e 
know  less.  The  man  whom  we  loved  and  honoured, 
who  an  hour  ago  was  full  of  energy,  affection,  hope, 
and  endeavour,  is  now  lying  an  inert  mass  before  us, 
insensible,  inanimate.  What  has  made  this  difference  ? 
The  form  remains,  and,  but  for  the  paleness  of  the 
face,  we  might  suppose  him  sleeping  placidly.  Yet 
Life  has  vanished,  and 


« 


AU  that  mighty  heart  is  lying  stffl/ 
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What  is  it  that  has  yanished?  Whence  comes  this 
terrible  stillness  ? 

The  grains  of  wheat  found  in  Egyptian  tombs,  on 
being  planted  in  the  soil  of  France,  grew  into  waving 
com.  For  three  thousand  years  these  grains  had  been 
without  life,  yet  we  cannot  say  they  were  dead  ;  they 
were  organic  seeds,  products  of  Life,  and  had  them- 
selves once  lived :  they  were  developed  from  cells  into 
seeds,  and  at  this  point  in  their  development  their  vital 
activity  was  arrested,  because  the  necessary  heat,  light, 
and  soil  were  wanting ;  but  no  sooner  were  these  sup- 
plied, than  the  arrested  activity  was  once  more  set 
free — the  seed  became  a  plant. 

The  microscopic  animals  known  as  Rotifers  become, 
to  all  appearance,  dead,  when  the  water  of  the  moss  in 
which  they  live  is  evaporated ;  and  in  this  state  of  sus- 
pended animation  they  may  remain  for  years,  recovering 
their  energy  on  the  addition  of  a  little  water ;  they  may 
be  dried  and  revived  fifteen  times  in  succession ;  but  they 
are  not  dead  in  these  cases,  and  they  do  not  decompose. 
Frogs  and  toads,  especially  the  latter,  when  subjected 
to  the  action  of  intense  cold,  may  be  -peTtectlj  frozen, 
all  their  fluids  becoming  congealed,  all  their  tissues 
rigid.  Yet  these  animals  are  not  dead.  Let  heat  be 
cautiously  applied,  and  the  congelation  ceases :  in  eight 
minutes,  life  is  once  more  in  full  activity.* 

*  The  authorities  for  these  statements  are  GsoFTBOT  St  Hilaire, 
LEEUWZimoEK,  Spallanzani,  Isidore  St  Hilaibe,  and  Duemuil. 
For  that  relating  to  the  toads,  see  Compte*  Rendu*,  vL  538,  and  AnnaUt 
deiSeieneet,  1852,  xvii.  10.    Compare  also  the  same  work,  1858,  z.  336. 
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In  all  these  cases  it  is  dear  that  the  TaEknu  pbaw- 
mena  grouped  under  the  term  Life  are  entirely  absent ; 
they  would  never  manifest  tfaemselTes,  tmless  the  pecu- 
liar condiiione  necessary  for  their  manifestation  were 
supplied.  The  three  thousand  years  would,  for  the 
Egyptian  grain,  stretch  to  an  eternity.  The  organism 
in  this  state  of  suspended  animation  is  not  destroyed ; 
it  is  like  a  watch  that  has  run  down :  until  it  be  again 
wound  up,  its  delicate  mechanism  will  remain  silent 
and  inactiva  But  once  set  one  part  of  this  mechanism 
going,  and  all  are  set  going.  Death  is  not  the  un- 
wound watch,  but  the  watch  with  its  mainspring 
broken. 

These  analogies  naturally  raise  the  question.  Is  there 
in  organic  beings  anything  strictly  analogous  to  the 
mainspring  of  a  watch?  Can  we  suppose  the  exist- 
ence of  some  vital  centre  from  whidi  all  yital  actions 
issue? 

Nothing  was  easier  for  the  early  physiologists  than 
to  answer  this  important  question.  They  assumed  the 
existence  of  two  distinct  things — dead  matter,  and  a 
living  entity.  Life,  they  said,  was  an  entity,  a  prin- 
ciple essentially  distinct  firom  matter,  inhabiting  the 
body,  which  was  composed  of  dead  matter,  as  living 
men  inhabit  dead  houses.  If  this  principle  quitted 
the  body,  the  result  was  Death.  If  it  remained  in  the 
body,  but  wholly  inactive,  as  in  swooning,  it  was  said 
to  be  ''suspended."  The  Vital  Principle  animated, 
directed,  formed  the  body,  preserved  it  firom  the  effects 
of  chemical  action,  and  on  quitting  it,  left  it  a  prey  to 
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this  destractive  action,  which  was  manifested  by  disso- 
lution. 

This  is,  in  brief,  the  hypothesis  of  a  Vital  Principle, 
which  was  dominant  for  many  centuries,  and  is  now 
rejected  by  all,  except  a  few  metaphysicians  and  meta- 
physiologists.  It  has  fallen  into  complete  discredit, 
since  men  have  learned  that,  besides  being  in  opposition 
with  all  the  teachings  of  Science,  it  is  really  nothing 
more  than  a  substitution  of  words  for  ideas,  and  while 
seeming  to  explain  the  phenomena,  it  only  gives  a  ver- 
bal explanation  which  leaves  the  problem  unsolved 
The  same  remark  is  true,  although  to  a  less  extent,  of 
•the  modem  doctrine  of  a  Vital  Force,  or  Vital  Forces. 
So  long  as  vital  force  merely  indicates  the  dynamical 
condition  of  the  organism,  the  phrase  is  unobjection- 
able ;  and  if  the  vital  forces  are  taken  as  the  abstract, 
of  which  the  vital  phenomena  are  the  concrete,  we  may 
use  the  term  as  freely  as  we  use  tbjs  terms  "  mechanical 
force,"  "  locomotive  power,''  and  the  like.  But  when 
the  abstract  term  misleads  us  into  a  belief  in  there 
being  a  concrete  existence  corresponding  with  the  ab- 
straction— ^when  we  suppose  that  there  are  yitol  forces 
independent  of,  and  controlling,  the  sum  of  material 
conditions  present — it  is  as  if  we  imagined  a  watch- 
principle  turning  the  hands  on  the  dial-plate,  or  a 
moving -principle  driving  the  engine,  irrespective  of 
coal  burned  and  water  expanded.  To  conceive  the 
organism  in  action,  and  to  call  its  activities  by  the 
name  of  vital  forces,  is  one  thing;  to  conceive  that 
these  activities  are  anything  more  than  dynamic  states 
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of  the  arganism  is  another.    The  one  conception  is 
physiolc^cal,  the  other  is  m^tophysioIogicaL 

Chemists  have  analysed  organic  substances,  taken 
them  to  pieces,  and  in  some  cases  have  been  able  to 
make  organic  substances — ^putting  together  the  sort 
of  pieces  they  have  found  in  such  substances.     They 
haye  not,  indeed,  been  able  to  make  any  of  die  higher 
organic  substances,  such  as  albumen ;  but  they  can 
very  accurately  unmake  them.    In  all  their  reseaidies 
no  one  has  ever  discovered  anything  which  could  be 
called  specially  oi^ganic — ^that  is  to  say,  formed  of  ele- 
ments not  found  in  inorganic  bodies.    No  one  has  ever 
found  that  the  elements  of  organic  bodies  differed, 
when  separated,  firom  those  same  elements  in  inorganic 
bodies;  and  the  inevitable  conclusion  has  been,  that 
since  organic  bodies  do  not  differ  from  the  inoi^anic 
in  their  dements,  but  only  in  the  arrangement  and 
combination  of  these  elements,  the  phenomena  specially 
manifested  by  organic  bodies  must  be  due  to  this  spe- 
ciality of  arrangement    There  can  be  no  such  thing  as 
matter  essentially  dead ;  there  can  be  no  such  thing  as 
matter  essentially  living.     That  which  to-day  we  dass 
as  dead,  will  to-morrow  be  classed  as  living,  and  that 
which  is  living  to-day  will  be  dead  to-morrow.    Living 
and  dead  are  terms  which  indicate  certain  groups  of 
phenomena;  and  these  phenomena  are  d^ndent  on 
certain  groups  of  conditions.    The  phenomena  mani- 
fested by  sulphuric  acid  are  exceedingly  unlike  those 
manifested  by  the  sulphur  and  the  oxygen  of  which  it 
is  composed;  in  like  manner,  the  phenomena  manifested 
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by  the  excessively  complex  struetures,  named  organic,, 
are  exceedingly  unlike  the  phenomena  manifested  by 
the  separate  substances  composing  them. 

It  is  true  that  if  there  were  a  Vital  Principle,  or  an 
independent  Vital  Force,  its  presence  might  be  the 
cause  of  this  very  difference  in  the  conditions  which, 
we  have  said,  determines  the  peculiarity  of  vital  pheno- 
mena. But  we  must  never  gratuitously  multiply  ex- 
istences, we  must  never  assume  that  which  is  incapable 
of  proof.  A  Vital  Principle  is  incapable  of  proof ;  if 
it  exist,  we  cannot  know  it ;  and  unless  its  existence 
can  be  proved,  it  is  to  us  a  mere  phrase  concealing  our 
ignorance.  Phrases  serve  to  build  systems,  but  they 
hamper  the  progress  of  knowledge. 

There  are  only  three  arguments  in  favour  of  a  Vital 
Principle  which  we  need  consider  here  :  these  are,  first, 
that  life  controls  chemical  affinities  ;  second,  that 
life  precedes  Organisation,  and  cannot  therefore  be 
a  result  of  Organisation  ;  third,  that  Life  is  a  presiding 
unity. 

Does  Life  control  Chemical  Affinities? — ^The  obvious 
fact,  that  no  sooner  is  life  extinct  than  the  body  passes 
into  corruption,  its  particles  yielding  to  the  action  of 
chemical  affinities,  whereas,  as  long  as  vitality  remains, 
the  body  retains  its  form,  and  does  not  seem  to  yield 
to  the  destnfctive  action  of  chemical  agencies,  early  led 
men  to  conceive  that  there  was  some  mysterious  prin- 
ciple controlling  chemical  action  in  the  vital  organism. 
And  a  striking  confirmation  of  this  idea  seemed  fdr- 
nished  by  the  fact  that  the  gastric  juice  eats  away  the 

VOL.  n.  2  H 
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coats  of  the  dead  stomach,  but  leaves  the  living  stomach 
unaffected.  When,  however,  we  examine  closely  these 
two  points,  we  find  that  an  entire  misconception  lies  at 
the  bottom  of  the  hypothesis.  Instead  of  chemical  affin- 
ities being  controlled  by  vitality,  there  is  no  vitalaction 
possible  without  the  iucessant  and  complicated  action  of 
chemical  affinities — all  the  molecular  changes  of  com- 
position and  decomposition  occurring  in  the  living  body 
— all  nutrition,  secretion,  and  motion,  depend  on  chemi- 
cal actions.  If  the  oxygen  of  the  atmosphere  destroys 
the  dead  tissues,  not  less  energetically  does  it  destroy 
the  living  tissues;  but  the  destruction  of  the  dead  tissue 
is  not  replaced  by  the  reproduction  of  fresh  tissue,  as 
in  the  living  organism.  I  have  already  had  occasion 
to  explain  why  the  living  stomach  is  not  destroyed  by 
the  gastric  juice.  *  2fo  sooner  do  we  admit  that  all 
chemical  affinities  are  not  controlled  by  vital  laws,  no 
sooner  are  we  avKare  that  chemical  actions  incessantly 
take  place  in  the  living  organism,  and  these  actions  are 
dependent  on  precisely  the  sanui  affinities  as  those  ex- 
hibited  out  of  the  organism,  than  it  becomes  dear  that 
if  any  chemical  actions  are  prevented  from  taking  place 
in  the  organism,  it  is  because  the  proper  conditions  for 
such  actions  are  not  present.  No  phenomenon,  chemical 
or  vital,  can  take  place  unless  it  be  under  the  condi- 

*So6  the  chapter  on  Digestion  and  iNDioEsnox,  vol.  L  p.  216  ^ 
seq.  Doubts  havo  boen  thrown  on  the  explanation  there  given.  It  ia 
urged  that  the  presence  of  mucus  is  the  cause  of  the  gastric  juice  being 
inoperative.  If  this  be  so,  my  argument  remains  just  as  strong- 
the  mucus,  and  not  a  vital  principle,  preserves  the  stomach. 
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tions  Tvhich  permit  its  manifestation.  Wet  gunpow- 
der will  not  explode.  Water  will  not  solidify  above  a 
temperature  of  32^  Chlorine  will  not  unite  with 
Hydrogen  in  the  dark  ;  yet  in  the  sunlight  their  affin- 
ity is  so  strong  that  they  unite  with  an  explosion.  A 
certain  range  of  temperature  is  necessary  for  all  chemi- 
cal actions  ;  and  those  combinations  which  take  place 
at  the  ordinary  temperatures  of  the  air  may  be  entirely 
prevented  by  cold.  If,  therefore,  many  chemical  phe- 
nomena take  place  in  the  living  organism  which  are 
not  observable  elsewhere,  it  is  because  the  conditions 
are  different.  And  as  for  the  oft- cited  resistance  to 
decomposition  which  the  Vital  Principle  is  said  to 
effect,  not  only  is  the  fact  quite  otherwise,  not  only  is 
decomposition  incessantly  going  on  in  the  living  or- 
ganism ;  but  if  the  fact  were  as  stated,  it  could  be 
met  by  the  fact  that  an  infinitely  better  preservative 
against  decomposition  is  found  in  Alcohol,  Glycerine,  or 
Chromic  acid. 

Does  Life  precede  Organisation  ? — There  is  an  un- 
fortunate ambiguity  in  the  word  Organisation,  which 
renders  it  very  plausible  to  say  that  Organisation  is 
produced  by  Life,  and  does  not  produce  it.  Men  point 
to  the  faot  of  the  living  germ,  which  is  only  a  cell,  or  a 
mass  of  cells,  and  they  say.  Here  is  life,  but  the  organs 
are  not  yet  formed.  They  point  also  to  a  dead  body, 
and  say.  Here  is  Organisation ;  no  lesion  has  taken 
place ;  every  organ,  every  tissue  remains  intact,  yet 
Life  is  gona  There  was  a  time  when  this  reasoning 
seemed  to  me  conclusive;  and  so  long  as  we  understand 
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by  an  organism  a  collection  of  oi^ans,  the  knowledge 
of  the  existence  of  many  plants  and  animals,  and  of  all 
embiyos  in  their  earliest  state,  which  have  no  "  oigans" 
at  all,  makes  it  impossible  to  reject  the  condnsion; 
equally  impossible  is  it,  when  we  conceive  the  organism 
as  meaning  solely  the  solid  fabric,  and  not  also  the 
whole  sum  of  condUians  necessary  for  its  cu^vitjf.  If 
I  tie  an  artery,  I  do  not  destroy  the  stmctmre  of  the 
limb  to  which  it  is  distributed,  but  I  destroy  the  organic 
relations  of  the  several  elements — ^I  destroy  the  con- 
ditions necessary  to  the  vitality  of  that  limb.  If  I 
prevent  the  access  of  oxygen  to  the  blood,  I  do  not 
destroy  the  fabric  of  the  body,  but  I  disturb  the  con- 
ditions  necessary  to  the  vital  activity  of  the  body,  as 
completely  as  I  destroy  the  conditions  necessary  to 
an  explosion  when  I  throw  water  on  gunpowder.  Re- 
curring to  the  old  analogy  of  a  watch,  when  the  chain 
has  run  down,  the  mechanism  is  as  perfect  as  ever,  but 
the  mechanical  relations  of  the  parts  are  disturbed,  and 
the  watch  is  still :  to  set  it  in  action  onoe  more,  we 
have  only  to  wind  it  up ;  that  is  to  say,  we  have  to 
restore  the  necessary  conditions  of  mechanical  relation. 
With  regard  to  Life  not  resulting  from  Organisation, 
this  position  rests  on  vague  conceptions  of  both  terms. 
Let  us  remember  that  Organisation  means  the  whole 
sv/m  of  necessary  conditions,  no  less  than  the  organic 
fabric,  and  it  will  not  be  difficult  to  understand  that 
Life  is  proportional  to  Organisation.  The  life  of  a^ 
single  cell  is  the  swm-total  ofUie  activities  of  that  ceU^ 
and  is  simple  in  proportion  as  the  Organisation  is 
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simple.  The  life  of  a  highly-organised  animal  is  the 
sumrtotal  of  the  activities  of  all  the  forces  at  work,  and 
is  complex  in  proportion  to  the  complexity  of  the  or- 
ganism. Take  a  single  cell  which  is  manifesting  all  its 
vital  activity,  spread  it  out  into  a  layer,  and  although 
all  the  material  of  which  it  was  composed  remains  as 
before,  the  properties  which  belonged  to  it  cw  a  cell — 
its  Life— can  no  more  be  manifested. 

And  this  leads  us  to  the  third  argument  in  favour  of 
a  Vital  Principle,  namely,  that  Life  is  a  presiding  unity. 
"  The  body  is  one ;  all  its  parts  are  subordinate ;  all 
are  bound  together  in  a  higher  unity.  Our  conscious- 
ness assures  us  that  our  Life  is  a  unity. '^  There  is  an 
important  fact  indicated  in  this  argument,  but  it  is 
misinterpreted.  There  is  unity — there  is  a  consensus 
of  the  whole  organism.  But  this  is  not,  I  conceive, 
attributable  to  a  Vital  Principle,  existing  independently 
of  the  organism ;  it  is  due  to  organic  subordination : 
all  the  parts  are  related ;  all  act  together  by  means  of 
the  nervous  system,  as  all  the  parts  of  an  army  act 
together  by  means  of  officers  and  discipline.  Where 
there  is  no  such  connection  of  parts,  there  can  be  no 
such  subordination  of  organs.  We  may  divide  a  Polype 
or  a  worm  into  several  pieces,  each  piece  continuing  to 
live  and  grow;  but  we  cannot  suppose  that  in  such 
cases  we  have  cut  the  Vital  Principle  into  several  Prin- 
ciples. There  is,  as  we  shall  see  presently,  a  life  of  the 
parts,  and  a  life  of  the  whole  organism ;  each  micro- 
scopic cell  has  its  independent  existence,  runs  its  own 
career  from  birth  to  death ;  and  the  swrn-total  of  such 
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lives  forms  what  we  call  the  Life  of  the  animal :  the 
miity  is  an  aggregate  of  forces,  not  one  presiding  forocL 

I  have  dwelt  the  longer  on  this  topic,  because,  al- 
though the  hypothesis  of  a  Vital  Principle  has  fiJlen 
into  general  discredit,  the  metaphysical  attitude  of  mind 
which  is  implied  in  the  hypothesis,  is  still  nnhappQy 
too  common  among  physiologists;  and  as  it  is  the  pur- 
pose of  this  work  to  consider  Physiology  even  more 
with  reference  to  general  culture  than  as  a  branch  of 
special  science,  the  discussion  became  necessary.  Hay- 
ing lingered  thus  to  refute  the  hypothesis  of  a  Vital 
Principle,  I  may  be  asked  what  is  the  hypothesis  to 
replace  it?  Instead  of  an  hypothesis,  I  shall  propose 
a  description  of  vital  phenomena. 

It  is  surely  more  philosophical  to  consider  life  as 
an  ultimate  fact ;  one  of  the  great  revelations  of  the 
Unknowable ;  one  of  the  many  mysteries  surroundiDg 
us.  Having  made  up  our  minds  on  this  point,  having 
resigned  ourselves  to  the  complete  relinquishment  of 
all  hypothesis,  of  all  endeavours  to  penetrate  into  the 
inscrutable,  we  cease  vexing  ourselves  with  the  arcaoia 
of  Nature,  and  try  to  ascertain  the  order  of  Nature. 
We  no  longer  set  up  fictions  of  our  imagination  in  the 
place  of  a  reverent  observation.  There  are  minds, 
indeed,  which  feel  distrust  at  such  resignation.  They 
seem  to  dread  lest  Life  should  be  robbed  of  its  solemn 
significance,  in  the  attempt  to  associate  it,  even  remotely, 
with  inorganic  phenomena  But  this  fear  arises  from 
narrow  views  of  Nature.  It  is  because  reverence  for 
Nature  has  not  been  duly  cultivated ;  because  famili- 
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arity  with  inorganic  phenomena  has  blunted  our  sense 
•of  their  unspeakable  mystery.  Men  who  are  thrilled 
■«t  the  tokens  of  the  past  life  of  man,  when  they  see, 
or  read  of,  buried  cities,  Palmyra,  Nineveh,  or  Yuca- 
tan, tremble  with  no  delicious  awe  at  the  tokens  of  the 
past  life  of  this  earth,  when  they  stand  in  a  quany,  or 
ramble  through  a  geological  museum.  Yet  surely  the 
-ctystal  is  not  less  mysterious  than  the  plant ;  the  ebb 
and  flow  of  the  tides  not  less  solemn  than  the  beating 
of  the  human  heart  ?  And  if  patient  observation  and 
induction  have  enabled  us  to  trace  something  of  the 
order  of  Nature  in  ciystallisation  and  the  tides,  with- 
out aid  from  the  metaphysicians,  they  may  also  enable 
us  to  understand  something  of  the  laws  of  life. 

The  general  consent  of  mankind  has  consecrated  the 
identity  of  the  words  Life  and  Eidstence.  By  the  life 
of  an  animal  is  meant  the  existence  of  the  animal  The 
particles  of  which  the  animal  is  composed  continue  to 
«xist  after  its  death — that  is,  after  its  existence  as  an 
animai  has  ceased.  If,  then,  we  accept  this  general 
meaning,  and  say  that  Life,  in  its  abstract  sense,  is 
Existence,  we  shall  have  to  consider  all  the  various 
forms  of  life  presented  to  our  contemplation,  as  so 
many  modes  of  existence.  These  forms  often  closely 
resemble  each  other  ;  they  often  profoundly  diflfer. 
According  to  these  resemblances  and  differences,  we 
group  them  under  two  general  heads :  Organic  Exist- 
ence, and  Inorganic  Existence.  The  mystery  which 
underlies  all  Existence  cannot  be  unveiled  by  us ;  but 
it  is  not  ]ess  in  the  one  case  than  in  another;  and 
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although  custom  has  affixed  the  term  "  living ''  to  one 
great  group  of  existences,  this  new  term  does  not  intro 
duce  a  new  mystery,  nor  warrant  a  new  attitude  of  mind 
in  studying  the  group.  All  we  are  entitled  to  say  is 
this — ^there  is  a  speciality  about  vital  phenomena^  atis- 
ing  from  the  peculiarity  and  complexity  of  the  oondi> 
tions  which  determine  them ;  and  this  speciality  must 
warn  us  against  reasoning  about  them  as  if  they  were 
Tiot  special,  but  were  in  all  respects  like  inorganic 
phenomena;  this  speciality,  in  short,  suggests  the  neces- 
sity of  studying  them  in  themselves,  and  not  as  if  they 
belonged  to  the  general  phenomena  of  physics  and 
chemistry ;  invaluable  as  the  knowledge  of  these  latter 
must  always  be  as  a  means  of  exploration. 

n.  Definition  of  Life. — It  would  certainly  be  a 
great  assistance  in  our  efforts  to  describe  vital  pheno- 
mena, if  we  could  fix  clearly  in  our  minds  the  chief 
characteristics  which  distinguish  living  from  non-living 
bodies ;  and  a  definition  of  Life  would  be  peculiarly 
acceptable.  The  attempt  has  been  repeatedly  ipade, 
but  never  with  entire  success. 

Aristotie  supposed  that  vital  actions  were  under  the 
dominion  of  several  Vital  Principles  («otib,  -vl/i^o/,  he 
calls  them),  each  distinct,  but  all  subordinate  to  one 
supreme  Principle.  This  idea  reigned  many  centuries, 
and  was  revived  a  few  years  ago  by  Prout  Esnt 
defines  Life  **  an  internal  principle  of  action ; "  an 
organism  is  ''  that  in  which  every  part  is  at  once  means 
and  end'^    This  may  be  said  with  equal  truth  of  fer- 
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mentation.  Treviranus  calls  life  "the  constant  uni- 
formity of  phenomena  under  diversity  of  external  influ- 
ences/' which  may  be  equally  said  of  a  watch,  since  if 
the  external  influences  in  any  way  disturb  the  organism 
or  the  mechanism,  the  phenomena  cease  to  be  uniform. 
Bich&t  s  celebrated  definition,  "  life  is  the  sum  of  the 
functions  by  which  death  is  resisted/'  is  only  another 
form  of  the  definition  proposed  by  Stahl,  and  is  eyery 
way  objectionable ;  for,  on  the  one  hand,  it  is  a  para- 
phrase of  the  truism  that  life  is  the  means  by  which  we 
live ;  and,  on  the  other  hand,  it  declares  that  there  is  a 
fatal  antagonism  in  external  agencies ;  whereas  nothing 
is  more  certain  than  that  external  agencies  are  essential 
to  vital  phenomena :  as  we  saw  in  the  opening  para- 
graphs of  this  chapter.  Dug^s  calls  life  '*  the  special 
activity  of  organised  beings;"  and  B^clard  says,  "  life 
is  the  sum  of  the  phenomena  proper  to  organised  beings. 
It  consists  essentially  in  this,  that  organised  beings  are 
all  during  a  certain  time  the  centres  to  which  foreign 
substances  penetrate  and  are  appropriated,  and  from 
which  others  issue.^  De  Blainville's  definition,  adopted 
by  Auguste  Gomte  and  Charles  Sobin,  runs  thus:  ''life 
is  the  twofold  inte^al  movement  of  composition  and 
decomposition  at  once  general  and  continuous  ; "  but 
this  only  applies  to  Nutrition,  and  does  not  embrace  all 
the  cardinal  phenomena :  while  the  definition  proposed 
by  Herbert  Spencer,  namely,  "  Life  is  the  definite  com- 
bination of  heterogeneous  changes,  both  simultaneous 
and  successive  in  correspondence  with  external  co- 
existences and  sequences,"  has  the  disadvantage  of  not 
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being  perfectly  intelligible  apart  from  hLs  explanaticm 
of  it  in  detail  * 

Perhaps  the  most  intelligible  and  easily  remem- 
bered definition  would  be  this :  "  Life  is  the  dynami- 
cal condition  of  the  Organism,'^  This  embraces  every 
form  of  life,  from  that  of  the  simple  cell  to  that  of  the 
complex  mammal.  It  egresses  every  variation  in  the 
intensity  or  complexity  of  the  phenomena,  according  to 
the  activity  or  complexity  of  the  organism  ;  and  their 
dependence  on  all  agencies,  external  and  internal 
And  when  we  add  the  three  cardinal  characteristics 
which  the  organism  everywhere  manifests.  Growth, 
Reproduction,  and  Decay,  we  have  briefly  indicated 
all  that  specially  distinguishes  living  from  non-living 
thinga 

« 

IIL  Cell-Life. — Since  the  researches  of  Schwann 
in  1839,  who  applied  to  animals  the  doctrine  of 
Schleiden  with  respect  to  plants.  Biology  has  un- 
dergone a  renovation  almost  as  great  as  that  which 
Chemistry  underwent  after  the  labours  of  Lavoisier. 
The  last  twenty  years,  indeed,  will  be  known  in  his- 
tory as  the  cell-epoch,  so  manifold  have  been  the 
researches,  and  so  striking  the  results,  with  respect  to 
the  part  played  by  cells.  That  in  these  twenty  years 
the  original  positions  have  been  much  modified  will 

*  Aristotle:  BeAnimdy  1 2;  Kant:  Kritihder  UrikeiUkrafi,  Werke, 
ir.  260;  Trevirakus:  DiologU;  Bichat:  Hecherches  sur  la  Fie  H  la 
MoH;  Stahl:  TlLeoriaMedicavera,i.22S;  Duqeb:  Phydol.  Comparie^ 
i.  3 ;  Beolard  :  A  nat.  Genirale,  p.  4 ;  Auguste  Ck)llTE :  Cows  de  Philot, 
Positive,  iiL  295;  Spencer:  P^-inciplet  of  Ptyckology,  p.  354. 
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surprise  no  one ;  nor  have  we  any  security  that  greater 
changes  are  not  still  awaiting  the  investigator. 

A  cell  is  regarded  as  the  true  biological  atom.  No- 
thing is  living  but  cells,  or  what  can  be  directly  traced 
back  to  cells.  However  great  a  departure  from  the  cell- 
form  may  be  disclosed  in  an  anatomical  investigation — 
as  in  fibres,  vessels,  bones,  membranes — ^a  morphologi- 
cal investigation  detects  that  all  these  were  cells  in  their 
origin.  As  a  cell  the  organism  commences ;  all  through 
its  career,  a  large  part  of  the  organism  is  made  of  cells, 
and  the  rest  is  of  transformed  cells,  or  cell-products. 

What  19  a  cell  ?  It  is  usually  a  microscopic  sac,  or 
vesicle,  containing  a  smaller  vesicle,  called  the  nudetis. 
In  many  mature  cells  this  nucleus  contains  a  minute 
round  body,  probably  solid,  called  the  nucleolus;  this 
is,  I  believe,  never  found  in  young  cells.  Even  the 
nucleus  is  not  always  present:  it  is  absent  in  cells 
about  to  perish, — ^such  as  the  cells  of  the  outermost 
layer  of  the  skin ;  or  in  cells  which  have  only  a  transitory 
existence — such  as  the  blood-cells  of  mammala  Be- 
sides the  nucleus  we  must  take  into  account  the  ceU- 
contents.  The  delicate  enveloping  membrane,  or  cell- 
wall,  which  forms  the  sac,  contains  a  liquid  and  gran- 
ules, the  special  nature  of  which  determines  the  spe- 
cial properties  of  the  cell  Thus  the  muscle-cell  con- 
tains a  contractile  substance ;  a  pigment-cell  contains 
colouring  matter;  a  mucus-cell  contains  mucuS;  and 
so  on. 

Every  cell  in  the  organism  is  independent :  it  is 
bom,  it  grows,  it  reproduces,  and  it  dies,  as  if  it  were 
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a  smgle-celled  plant,  or  animaL  The  growth  and  decay 
of  an  organ,  is  like  the  growth  and  decay  of  a 
nation,  or  of  a  tree:  the  individual  cells  compos- 
ing the  organ  grow  and  perish,  as  the  individiual 
men,  or  the  individual  leaves,  grow  and  perish.  Th^ie 
is  a  certain  aggregate  unity,  but  it  is  made  up  of  dis- 
tinct units.  Just  as  the  life  of  a  nation,  or  a  tree,  is 
the  sum  total  of  the  lives  of  all  its  individual  parts,  so 
is  the  life  of  an  organism  the  sum  total  of  the  lives  of 
its  individual  cells. 

This  is  one  of  the  great  revelations  of  modem 
science.  We  no  longer  speak  of  a  centre  of  vital  acti- 
vity, for  we  know  that  there  are  myriads  of  centresL 
It  is  therefore  no  longer  surprising  to  us  to  know  that 
a  part  of  an  organ  may  be  destroyed  without  the  func- 
tion of  that  organ  disappearing ;  for  this  is  no  more  than 
a  regiment's  continuing  the  battle  when  its  ranks  are 
thinned.  If  the  officers  are  shot  down,  the  regiment 
will  be  dispersed,  and  each  soldier  will  then  have  to 
shift  for  himself ;  in  like  manner,  if  certain  regulating 
parts  in  the  mechanism  of  the  organ  be  destroyed,  the 
function  of  that  mechanism  will  disappear,  and  the 
individual  cells  be  left  to  themselves.  Thus  a  man 
may  have  an  abscess  in  his  liver,  which  will  not  preyent 
the  cells  of  the  other  unaffected  parts  of  the  liver  fit)m 
secreting  bile,  and  pouring  it  through  the  gall-duct; 
but  an  abscess  in  the  gall-duct  would  prevent  the  Junc- 
tion of  the  liver,  though  it  would  not  interfere  with 
the  property  of  the  liver-cells  to  secrete  bile.  A  man 
with  half  a  lung  will  continue  to  breathe  by  means  of 
the  half  which  is  unaffected :  he  will  not  breathe  so 
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vigorously  as  he  did  when  his  lungs  were  sound ;  the 
amount  of  oxygen  he  can  respire  will  be  of  course 
diminished  in  proportion  to  the  diminution  of  the  air- 
cells  ;  but  so  long  as  the  air-cells  remain,  and  the  res- 
piratory mechanism  is  inaction,  the  breathing  function 
will  continue.  The  student  will  do  well  to  familiarise 
his  mind  with  the  distinction  between  the  Ufe  of  the 
parts  and  the  life  of  the  whole ;  and  to  discriminate 
between  those  phenomena  which  depend  upon  the 
individual  parts,  and  those  which  depend  upon  the 
mutual  relations  of  the  parts — in  other  words,  upon 
the  vital  structures,  and  their  mechanism. 

We  have  previously  stated  that  there  are  three 
cardinal  characteristics  distinguishing  organic  from 
inorganic  beings,  l^  The  Law  of  Nvirition,  the 
most  fundamental  of  all  vital  laws,  since  in  virtue  of 
it  the  animal  continues  to  exist  as  an  active  organism, 
and  increases  from  infancy  to  maturity.  2^,  The  Law 
of  Development^  or  Differentiation,  which  causes  the 
organism  to  pass  through  the  definite  cycles  of  change, 
constituting  what  we  call  Ages,  and  leading  inevitably 
to  the  final  change,  which  we  call  Death.  3^  Hie 
Law  of  Reproduction,  another  aspect  of  the  first  law, 
in  virtue  of  which  the  organism  gives  birth  to  similar 
organisms,  and  thus  the  lamp  of  life  is  handed  on 
from  generation  to  generation. 

To  no  inorganic  existences  can  these  three  cardinal 
characteristics  be  assigned.  When  inorganic  bodies 
are  said  to  grow  ("mineralia  crescunt,"  linnseus), 
their  growth  is  that  of  mere  aggregation,  one  part 
adhering  to  another  similar  part    The  growth  arises 
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from  no  internal  necessity,  as  in  organic  bodiea  The 
bulk  is  not  increased  by  a  process  of  assimilation, 
which  converts  the  milike  into  the  like,  which  makes 
foreign  substances  homogeneous — minerals  do  not 
feed,  they  cohere.  Nor  have  they  any  Development : 
they  pass  through  no  definite  cycles  of  change :  they 
have  no  stages  of  growth,  no  Agea  Beproduction  is 
equally  impossible  to  them. 

Thus,  by  exclusion,  we  aniye  at  a  description  of  the 
three  great  special  characters  of  living  beings  :  Growth, 
Development,  and  Beproduction.  It  is  obvious  that 
the  phenomena  of  beings  so  markedly  distinct  from  all 
other  beings,  must  have  a  corresponding  speciality, 
and  must  be  studied  in  themselves.  Without  calling 
in  the  delusive  aid  of  a  Vital  Principle,  we  may  insist 
on  the  fact  that  vital  phenomena  are  peculiar,  special, 
unlike  the  phenomena  of  inorganic  beings,  and  must 
be  studied  with  constant  recollection  of  this  peculiarity. 

lY.  Yeobtal  asd  Animal  Life. — Since  the  time 
of  Bich&t,  physiologists  have  universally  accepted  the 
classification  proposed  by  that  brilliant  thinker,  rang- 
ing all  vital  phenomena  under  two  heads  :  1^  Organic, 
or  vegetative  life  j  ♦2**,  Animal,  or  relative  life.  The 
first  is  common  to  Plants  and  Animals ;  the  second 
is  peculiar  to  Animals.     The  vegetal  phenomena  of 

■  To  avoid  the  eqnirocalness  and  awkwardness  of  Tegetable  and 
vegetative,  Mr  Spencer  ha?  suggested  to  me  the  tenn  vegeuUaB  being 
at  once  distinotire,  and  coirelative  with  anivial :  we  may  thus  nj 
vegetal,  and  vegetality,  as  well  as  animal,  and  animality.    I  am  tba 


VEGETAL  AND  ANIMAL   LIFK  431 

growth,  development,  and  decay,  comprise  the  whole 
vitality  of  the  Plant ;  but  over  and  above  these  the 
Animal  manifests  the  phenomena  of  relative  life,  so 
called  because  the  animal  is  brought  into  active  re- 
lation with  the  external  world.  "  Cast  your  eyes,"  says 
Bichdt,  "  on  individuals  of  the  two  kingdoms,  vegetable 
and  animal ;  you  will  see  that  the  one  has  only  an 
internal  life,  its  relations  with  the  exterior  being  only 
those  of  nutrition — ^it  is  born,  grows,  and  perishes, 
fixed  to  the  spot  where  the  seed  was  deposited ;  the 
other  unites,  to  this  internal  life,  an  external  life  which 
establishes  manifold  relations  with  surrounding  objects 
— the  animal  is  thus  led  to  approach  or  avoid  objects 
according  to  its  desires  or  its  fears/' 

Although  open  to  criticism,  this  classification  is  so 
convenient  that  it  has  been  adopted ;  and  we  may 
therefore  speak  of  vegetal  functions,  and  animal 
functions,  of  vegetal  and  animal  life,  without  fear  of 
equivoque.  But  some  of  Bichat's  other  systematic 
views  are  less  acceptable.  For  example,  I  think  he 
was  singularly  unfortunate  in  his  anatomical  general- 
isation,  that  all  the  vegetal  organs  are  single  and 
unsymmetrical,  while  all  the  animal  organs  are  double 
and  symmetrical :  a  very  slight  examination  of  this 
point  will  disclose  its  inaccuracy.  The  parotid  and  sub- 
lingual glands,  the  lungs  and  breasts,  the  kidneys  and 
testes,  are  all  vegetal,  and  all  double  and  symmetrical 

more  disposed  to  adopt  this  suggestion  because  vegetal  is  a  true 
English  word,  not  unf  requently  used  by  our  old  writers,  especially  the 
Elizabethan  dramatists. 
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— and  if  the  heart  and  the  uterus  seem  to  be  smgle, 
every  anatomist  knows  that  they  are  as  truly  double 
as  the  cerebrum,  or  the  spinal  chord;  and  although 
there  are  certain  irregularities,  which  Bich&t  has 
pointed  out — in  the  disposition  of  the  bronchi,  for  ex- 
ample-there  are  irregularities  as  great  in  the  dia- 
position  of  nerves;  and  even  the  brain  itself,  so 
confidently  relied  on  by  Bich&t,  is  far  from  perfect 
in  its  symmetry — ^nay,  Bichd.t's  own  brain  was  remaric- 
able  for  the  difference  in  its  two  halves. 

Not  less  unfortunate  is  the  physiological  gener- 
alisation Bich&t  propounded  in  the  celebrated  Law 
of  intermittence,  characterising  animal  life,  and  the 
Law  of  continuity,  characterising  vegetal  life.  This 
generalisation  has  been  accepted  as  indisputable  ;  let 
us  subject  it  to  a  brief  scrutiny.  All  the  relative, 
external  fimctions  are  intermittent — all  the  vegetal, 
internal  functions  are  continuous:  that  is  Bichat*s 
position.  In  contradiction  to  this,  I  affirm  that  the 
vegetal  functions  are  intermittent,  as  well  as  the 
animal  functions ;  and  that  the  only  processes  which 
can  be  called  strictly  continuous  are  those  processes  of 
molecular  change—of  composition  and  decomposition 
^-on  which  existence  depends.  Let  us  see  which 
position  best  covers  the  facts.  It  is  true  that  animals 
require  rest  after  exertion,  and  sleep,  after  some  hours' 
waking ;  this  intermittence  is  caused  by  an  exhaustion 
of  the  bodily  energy,  as  we  have  already  endeavoured 
to  indicate.*    But  that  this  intermittence  is  not  ex- 

*  See  p.  362. 
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clusively  animal,  may  be  seen  in  the  equally  familiar 
facts  that  the  vegetal  function  of  digestion  is  not  less 
periodical ;  that  the  vegetal  functions  of  generation 
and  lactation  are  equally  intermittent.  A  certain  time 
is  required  to  form  the  gastric  juice,  and  during  this 
interval  the  fdnction  of  digestion  is  impossible.  It  is 
the  same  with  all  other  functions.  Nay,  even  secretion 
itself  is  not  wholly  continuous :  the  glands  are  not 
constantly  in  action  ;  as  we  now  know  from  Bernard's 
^discovery  respecting  the  colour  of  the  venous  blood 
flowing  from  them.*  The  function  of  respiration 
may  perhaps  be  said  to  be  continuous,  because  its 
intermittence  is  so  brief  and  regular ;  the  same  also 
may  be  said  of  the  circulation  ;  the  rapidly  inter- 
mittent propulsions  of  the  heart,  and  the  continuous 
processes  of  molecular  change — in  the  capillaries — on 
which  circulation  depends,  give  it  a  certain  continuity. 
But  if  we  except  these,  all  the  vegetal  functions  are 
obviously  intermittent :  on  the  other  hand,  the  animal 
functions  have  scarcely  more  claim  to  intermittence ; 
since  even  if  we  suppose  that  the  brain  is  ever  wholly 
at  rest,  in  sleep — of  whi6h  there  is  neither  evidence 
nor  probability  (see  p.  373) — absolute  repose  for  the 
nervo-muscular  apparatus  is  impossible,  so  many  of 
the  vital  fdnctions  being  dependent  on  this  apparatus. 
The  only  approach  to  a  generalisation  which  seems  to 
me  warranted  is  this :  that  the  vegetal  functions  arc 
more  uniform  and  rhythmic  in  their  activity,  because 
the  conditions  and  stimuli  are  more  uniform  than  is 

•  See  voL  L  p.  269. 
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the  case  with  the  animal  functions.  The  conditions  of 
secretion,  and  the  stimuli  to  the  functions  of  breath- 
ing, &c.,  are  more  uniformly  present  than  the  oondi- 
tions  of  thinking  or  moving ;  and  the  stimulus  is 
less  exhausting,  therefore  less  time  is  required  for 
the  reintegration  of  the  molecular  condition  necessaiy 
to  activity. 

V.  Life  in  relation  to  the  Exteenal  Mediujl 
— The  error,  long  dominant,  and  not  even  yet  entirely 
effaced,  which  made  men  conceive  Life  in  itself  as 
something  unrelated  to,  and  wholly  independent  of,  the 
external  medium,  was  consecrated  by  the  doctrine  of  a 
Vital  Principle ;  and  yet  the  facts  which  plainly  spoke 
against  such  a  conception  were  familiar  facts,  although 
their  bearing  was  misunderstood.  Every  hour  men  must 
have  been  aware  that  very  slight  changes  in  the  external 
conditions  rendered  the  manifestation  of  life  impossible; 
a  little  more  carbonic  acid,  or  a  little  less  oxygen,  a 
little  more  heat  or  cold,  a  little  less  pressure  of  the 
atmosphere,  a  deficiency  of  water  or  of  food,  sufficed  to 
extinguish  life,  as  a  lamp  is  extinguished  when  the 
oil  disappears.  Every  one  knew  that,  ascending  a 
mountain,  certain  classes  of  animals  and  plants  gradu- 
ally disappear,  a  new  fauna  and  flora  occupying  the 
higher  districts  ;  so  that,  all  the  world  over,  the  same 
species  of  plant  will  be  found  at  the  same  heights 
above  the  sea-level,  and  only  thesa  As  we  walk  down 
upon  the  shore  at  low  tide,  we  find  different  species 
inhabiting  distinct  zones :  those  which  liye  in  deep 
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water  being  unable  to  bear  the  temporary  exposure 
wbich  is  daily  borne  by  those  which  live  nearer  the 
tide-mark. 

And  yet  in  spite  of  this  knowledge  of  the  constant 
influence  of  surrounding  conditions  on  the  vital  mani- 
festations— ^in  spite  of  the  knowledge  that  vital  pheno- 
mena are  exalted  or  depressed,  called  into  existence  or 
entirely  destroyed  by  the  influences  of  light,  heat, 
pressure,  moisture,  gases,  &c.,  men  have  gone  on  as- 
serting that  Life  is  independent  of  external  influences, 
and  that  it  has  the  power  of  controlling  physical  and 
chemical  laws.  In  the  present  state  of  science  such  a 
conception  is  inadmissible ;  yet  in  a  widely  circulated 
work  we  read  that  "  Life  resists  the  effect  of  mechan- 
ical friction,"  and  we  find  this  ama^g  proposition 
resting  on  no  finner  bask  than  an  e^ple  which 
will  be  read  with  surprise.  "  The  friction,"  it  is 
said,  "which  will  thin  and  wear  away  a  dead  body, 
is  actually  the  cause  of  thickening  a  living.  The  skin 
on  the  labourer's  hand  is  thickened,  to  save  it  from 
contact  with  hard  substances."  Now  the  fact  is,  that 
the  friction  which  wears  away  a  dead  body  has  pre- 
cisely the  same  effect  on  the  labourer's  hand  :  so  far  is 
Life  from  resisting  this  mechanical  friction,  that  in  a 
much  shorter  time  than  would  suflSce  to  wear  away  a 
layer  of  wood,  the  living  skin  would  be  rubbed  bare. 
When  with  unaccustomed  hands  we  ply  an  oar,  which 
is  the  first  to  show  the  efiects  of  friction — the  oar  or 
the  hand?  The  peculiarity  in  the  case  of  a  living 
body  is  this,  that  whereas  the  dead  body,  when  its  par- 
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tides  are  mbbed  off,  has  no  power  of  replacing  them, 
the  living  body  has  this  power,  and  by  its  means  not 
only  is  the  loss  repaired,  but  there  may  be  even  an 
^  increase  of  the  original  siza  If  a  labourer's  skin  is 
thickened,  it  is  because  the  growth  of  its  cells  has  been 
stimulated,  and  more  are  reproduced  than  are  wasted 
We  must  constantly  bear  in  mind  that  Life  is  pos- 
sible only  under  the  necessary  conditions  of  an  organ- 
ism,  on  the  one  hand,  and  an  external  medium  on  the 
other.  It  is  the  mutual  relations  of  organism  and 
medium  which  determine  the  manifestations  we  name 
Life ;  and  the  error  is  as  great  when  men  attempt  to 
solve  vital  problems  without  duly  taking  all  external 
conditions  into  account,  as  when  they  attempt  to 
solve  them  without  taking  the  organic  conditions  into 
account — that  is,  when  they  attempt  to  explain  vital 
phenomena  as  if  they  were  simply  physical  and  chem- 
ical. The  metaphysician,  with  his  "  vital  forces,''  is  as 
one-sided  as  the  chemist  with  his  ''  affinities." 

.  VL  Duration  op  Life. — Every  organism  has  its 
limits  of  duration  which  are  definite  and  inevitable ; 
we  cannot  assign  these  limits  with  precision,  any  more 
than  we  can  assign  the  precise  stature  which  an  ani- 
mal will  attain ;  we  can  only  fix  boimdaiy-marks 
within  which  the  duration  is  possible  ;  for  the  rest, 
"  the  great  areas  of  life  cannot  be  expressed  in  terms  of 
strict  measurement."*  These  areas  mark  the  accom- 
plishment of  a  series  of  organic  changes ;  and  such 
changes,  although  definite  in  their  order  of  saccession, 

*  John  Simon  :  Btsay  on  (7te  Tkynnv  Oland,  p»  80. 
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arc  so  dependent  on  a  variety  of  influences,  "  that  they 
do  not  admit  of  being  weighed  in  the  balance,  nor  can 
the  vital  maturity  which  they  develop  be  measured  by 
the  vibrations  of  the  pendulum." 

These  great  areas  of  which  Simon  speaks  are  the 
four  ages : 

l"*.  The  Festal  Epoch,  or  that  in  which  the  egg  passes 
through  its  successive  changes,  from  a  single  cell  to  a 
multiple  of  cells,  and  thence  into  a  complex  structure 
capable  of  independent  existence  when  separated  from 
the  parent  organism,  at  Birth.  This  epoch  is  normally 
of  nine  months'  duration  in  the  human  being ;  thirty 
days  in  the  rabbit ;  sixty  days  in  the  guinea-pig ;  fifty- 
six  days  in  the  cat;  sixty-four  in  the  dog;  one  hundred 
and  eight  days  in  the  lion  ;  twenty  months  in  the  ele- 
phant ;  and  so  on,  varying  in  the  different  groupa 
Nevertheless,  although  this  epoch  is  one  of  which  the 
limits  are  less  variable  in  each  group  than  any  of  the 
other  epochs,  we  must  remember  that  Time  is  only 
our  conventional  means  of  measurement;  and  that  the 
phenomena  measured  are  in  no  sense  regulated  by 
Time.  The  epoch  is  really  determined  by  organic 
conditions,  not  by  Time,  and  it  may  therefore  be  pro- 
longed or  shortened  by  those  conditions ;  the  foetal 
epoch  in  human  life  may  last  seven  months,  or  eleven. 

2°.  Infancy  extends  from  Birth  to  Puberty.  In 
this  epoch  bodily  and  mental  development  pass  rapidly 
and  strikingly  through  their  phases ;  but  its  limits  are 
very  variable,  puberty  being  much  earlier  in  some 
organisms  than  in  others,  and  always  earlier  in  the 
female  than  in  the  male. 


438  LIFE  AND  DEATH. 

3°.  Manhood  is  a  sort  of  table-land  of  life,  but  its 
limits  are  very  variable.  In  it  the  body  does  not  in- 
crease, except  in  solidity  and  vigour.  The  balance  of 
waste  and  repair  is  tolerably  even. 

4^  Old  Age.  —  The  balance  begins  to  lean ;  the 
movement  of  Assimilation  slackens,  and  Deatb  slowly 
advances.  The  limits  of  this  epoch  are  the  most  vari- 
able of  all 

These  Ages  are  the  Cycles  of  Change  through  which 
eveiy  organism  must  inevitably  pass,  if  it  be  not  earlier 

« 

destroyed,  and  they  are  therefore  inseparable  from  our 
conception  of  Life.  We  have  seen  how  each  epoch  varies 
in  duration,  and  we  can  understand,  therefore,  how  the 
whole  of  each  life  will  vary  one,from  the  other;  so  that 
although  it  is  possible  to  assign  the  limits  for  the 
race,  this  can  only  be  done  as  an  average, — ^we  can 
never  know  what  will  be  the  duration  of  an  individual 
life. 

And  here  it  may  be  well  to  point  out  a  common  error 
in  works  which  treat  of  Longevity,  and  one  which  is 
explicitly  stated  by  Flourens,  the  latest  writer  on  that 
subject*  It  is  that  of  supposing  the  duration  of  life 
to  be  measurable  by  beats  of  the  pendulum.  We  are 
told  that  the  normal  length  of  life  for  a  human  being 
is  one  hundred  years ;  and  that  if  the  majority  of  men 
.  die  earUer,  it  is  because  accident,  disease,  or  impru- 
dent habits,  have  shortened  the  term.  The  aigument 
rests  on  the  fallacy  that,  because  some  men  reach  the 
age  of  one  hundred,  all  men  would  reach  it  were  there 
not  disturbing  causes  {des  causes  trofMantes);  but  in- 

*  Flourens  :  De  la  LongiviU  ffumwte.    1855. 
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asmuch  as  these  disturbing  causes  are  part  of  the  con« 
ditious  of  human  life^  inasmuch  as  man  is  dependent 
on  the  atmosphere,  on  climate,  and  on  food,  and  can- 
not escape  their  variations — ^to  say  that  he  would  live 
a  century  were  it  not  for  the  disturbing  influences,  is 
to  say  that  he  would  enjoy  a  longer  life,  if  life  itself 
were  otherwise  ordained.  One  man  lives  "faster"  than 
another ;  he  lives  more  in  the  same  period.  If  he  live 
imprudently  at  the  same  time,  he  may  hasten  the  changes 
which  will  bring  about  Death.  But  the  utmost  prudence 
will  not  shield  him  entirely  against  external  conditions; 
nor  will  the  wisest  care  do  more  than  modify  the  hered- 
itary disposition,  which  he  brought  with  him  into  the 
world,  and  which  will  make  him  short-lived  or  long- 
lived 

What  is  it  which  terminates  Life,  in  the  natural 
course  of  things  ?  Seeing  that  the  organism,  like  the 
single  cell,  has  within  it  the  power  of  Assimilation — 
the  power  of  repairing  its  substance  wasted  in  func- 
tional activity ;  and  seeing  also  that  this  power  con- 
tinues for  a  long  period,  a  century  and  upwards,  in 
some  cases,  why  should  it  not  be  indefinitely  prolonged? 
The  prolongation  of  human  life  has  been  one  of  the 
dreams  of  the  speculative,  and  its  essential  error  has 
been  seldom  perceived  Hufeland,  who  wrote  a  book 
on  the  art  of  prolonging  life,  refers  to  the  fact  (ques- 
tionable fact)  of  men  having  lived  to  the  age  of  150 
and  even  180  years ;  and  he  declares  that  he  can  see 
no  reason  why  others  should  not  live  to  200.  But  I 
can  see  no  reason  why  he  should  modestly  stop  there. 
Two  centuries  is  not  a  magical  period,  beyond  which 
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Life  must  be  impossibla  There  is,  indeed,  the  disturb- 
ing £act  of  no  man  having  yet  reached  the  age  of  200 ; 
but  if  we  are  to  argue  that,  because  150  and  180  have 
been  reached,  therefore  200  may  be  reached — ^we  are 
surely  entitled  to  argue  that,  if  200  can  be  reached, 
then  300,  then  400,  and  so  on,  until  some  necessity  be 
shown  for  the  termination. 

And  here  we  bring  the  question  to  the  test  What 
is  the  inherent  necessity  for  a  termination  of  that  pro- 
cess of  repair  which  we  know  the  organism  for  a  long 
period  possesses  ?  Let  us  first  see  what  are  the  phe- 
nomena of  old  age ;  they  may  help  us  to  an  answer. 
A  French  physician  graphically  says :  ''Man  begins  in  a 
gelatinous,  and  terminates  in  an  osseous  condition." 
The  processes  of  Life  induce  changes  in  the  structure 
which  gradually  impede  its  functions.  "The  great 
characteristic  of  all  the  changes,''  says  Dr  Van  Oven,* 
which  gradually  occur  firom  early  to  extreme  old  age, 
is  consolidation,  a  diminished  plasticity  and  mobility 
of  parts,  increased  firmness  of  structure,  and  diminished 
bulk:  interstitial  fat  is  then  absorbed;  the  musdes 
become  stringy  and  fibrous,  and  at  their  terminations 
ligamentous ;  cartilages  become  bony ;  bones  lose  their 
cancellous  structure,  and  become  merely  solid  masses, 
whilst  the  blood-vessels  are  diminished  or  oblitesrated. 
The  coats  of  the  arteries  become  harder,  and  lose  their 
tonicity;  many  of  the  smaller  trunks  are  obliterated, 
whilst,  however,  the  veins  have  become  larger  and 
more  dilatable  than  they  were  in  early  life  ;  perspira- 

•  Van  Oven  :  On  ike  Decline  qfLi/e, 
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tiou  is  nearly  at  an  end,  for  the  skin  has  become  harsh 
and  dry,  wrinkled  and  discoloured;  and  even,  as  in  the 
vegetable  world  plants  as  they  grow  older  become  more 
and  more  woody,  and  the  sap  traverses  only  the  larger 
vessels,  so  too  in  the  old  man  the  circidatidn  is  carried 
on  only  by  the  larger  trunks,  and  hence  the  whole  body 
becomes  thinner,  firmer,  more  harsh,  more  diy,  and  loses 
strength  and  mobility,  and  the  power  of  repairing  in- 
jured or  regenerating  lost  parts.  The  muscular  system 
has  become  so  weak  as  to  be  almost  uselesa  The  once 
powerful  man,  now  unable  to  stand  erect,  stoops  ;  the 
shoulders  are  raised,  and  the  head  falls  forward.  In 
walking,  the  spine  is  much  curved ;  the  aid  of  a  strong 
stick  or  an  able  arm  is  required  to  keep  the  body  in 
equilibrium  ;  the  step  is  tottering  and  uncertain  ;  the 
hands  are  unable  to  grasp  any  object  firmly — they 
tremble  in  a  palsied  manner  if  the  attempt  be  made, 
and  the  command  over  the  particular  fingers  is  very 
uncertain." 

In  this  picture  of  old  age,  some  points  of  which  may 
be  questioned,  we  see  plainly  enough  that  very  impor- 
tant structural  changes  must  have  occurred  in  the  or- 
ganism ;  the  source  of  these  changes  lies  in  the  very 
nature  of  the  nutritive  process  itself.  If  the  Repair 
were  always  identical  with  the  Waste,  never  varying 
in  the  slightest  degree,  Life  would  be  only  terminated 
by  some  accident,  never  by  old  age.  But  the  Eepair 
is  never  thus  nicely  balanced  with  the  Waste.  More- 
over, in  Food  we  are  constantly  introducing  di£ferent 
substances,  which  produce  variations  in  the  composi- 
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tion  of  the  Blood,  and  variations  in  the  nutrition  of 
the  parts.  These  differences  accumulate  their  influence 
in  those  changes  named  the  Ages,  and  they  culminate 
in  the  final  change,  named  Death.  The  cellular  masa 
becomes  differentiated  into  various  tissues ;  these  in 
turn  become  differentiated  as  they  grow  and  act ;  and 
thus  it  may  be  said  that  the  vexy  processes  of  life 
bring  with  them  a  gradual  deposition  of  DeatL 

That  Death  is  really  and  truly  the  inevitable  residue 
of  the  activity  of  Life,  and  that  its  approach  is  de- 
termined by  the  rapidity  with  which  developmental 
changes  take  place,  is  proved  by  the  experiments  of 
B^aumur  on  insects.  He  shows*  that  the  duration  of 
an  insect's  existence  may  be  prolonged  twofold,  nay 
fourfold,  beyond  that  of  its  species ;  or,  vice  versd,  it 
may  be  abridged,  without  doing  it  any  other  injuiy 
whatever,  simply  by  retarding,  or  accelerating,  those 
stages  of  metamorphosis,  by  which  it  must  pass  to 
complete  its  career.  In  Kirby  and  Spence's  delightful 
work  we  read :  "  The  aphidivorus  flies  live  in  the  larva 
state  ten  or  twelve  days,  in  the  pupa  state  about  a 
fortnight,  and  as  perfect  insects  possibly  as  long,  the 
whole  term  of  their  existence  in  summer  not  exceeding 
at  the  very  utmost  six  weeks.  But  one  which  I  put 
under  a  glass  on  the  2d  June  1811,  when  about  half 
grown,  and,  after  supplying  it  with  aphides  once  or 
twice,  by  accident  forgot,  I  found,  to  my  great  aston- 
ishment,  alive  three  months  after;  and  it  actually  lived 

*  Reaumur  :  Mimoires  pour  set^vir  d  Vhist,  da  Inteetetf  toL  ii. ;  pi«* 
face,  p.  ii 
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till  the  following  Jane  without  a  particle  of  food.  It 
had  therefore  existed  in  the  larva  state  more  than 
eight  times  as  long  as  it  would  have  lived  in  aU  its 
states,  if  it  had  regularly  imdergone  its  metamorphoses, 
which  is  as  extraordinary  a  prolongation  of  life  as  if 
a  man  were  to  live  560  years."*  At  the  moment  of 
writing  this,-f  I  have  the  tadpole  of  a  Triton,  which 
was  taken  last  autumn  from  a  pond,  and  kept  in  a 
glass  vessel  of  water  through  the  whole  autumn  and 
winter  in  a  veiy  cold  place ;  it  has  remained  all  this 
while  imtransformed ;  and  its  '*  infancy,"  instead  of 
having  a  duration  of  a  few  days,  has  been  prolonged 
over  many  weeks. 

Now  it  is  dear  that  the  causes  which  determine 
the  acceleration  or  retardation  of  Development — which 
make  each  epoch  of  life  longer  or  shorter — ^must  be 
also  those  which  prolong  or  shorten  life  itself.  In 
other  words,  Death  is  determined  by  the  metamor- 
phoses of  Life.  And  thus,  in  a  certain  sense,  those 
philosophers  are  justified  who  teach  that  every  organ- 
ism has  an  allotted  amount  of  vitality^  which  it  may 
expend  in  a  shorter  or  a  longer  time,  but  which  it 
cannot  increase.  We  can  no  more  live  our  life  and 
keep  it,  than  we  can  eat  our  cake  and  keep  it 

In  England  one  person  in  every  3100  reaches  the 
age  of  100.  Some  small  minority  exceeds  the  hundred 
years,  and  cases  of  150  and  even  of  180  are  cited,  but 
the  evidence  for  them  seems  questionable.    Bespect- 

•  KiRBT  and  Spence:  Introdudum  to  Entomoloffy,  ed.  of  1856,  p.  225. 
f  Januaiy  1859. 
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ing  the  numerous  cases  of  loug-lived  people,  so  often 
spoken  of,  it  is  to  be  observed  that  wherever  a  regis- 
tration of  births  has  been  established,  such  marvellous 
examples  never  appear.  In  Sweden  and  Norway  we 
have  a  striking  illustration  of  thi&  In  one  country 
the  cases  of  men  living  to  120  and  140  are  said  to  be 
frequent ;  in  the  other  they  never  occur.  In  die  one 
country  there  are  no  official  documents  to  test  the  age 
of  the  people ;  in  the  other  there  is  such  a  test. 

I  do  not  assert  that  there  never  has  been  an  example 
of  human  life  prolonged  even  to  180  years.  Let  such 
an  example  be  authenticated,  and  the  physiologist  will 
no  more  see  reason  for  surprise,  than  at  the  child  re- 
maining eleven  months  in  the  womb,  or  commencing 
its  teething  at  two  years ;  for  the  physiologist  knows 
that  Time  itself  is  not  a  factor  in  the  sum — ^is  not 
a  condition  of  Life ;  it  is  only  a  mode  we  adopt  of 
measuring  changea  But  until  such  an  example  is 
authenticated,  we  may  reasonably  be  sceptical 

Vn  Death. — We  have  seen  reason  to  consider  Death 
as  the  closing  scene  of  a  successive  series — ^the  terminal 
act  of  life ;  not  therefore  as  an  antagonist  of  Life — a 
negative  which  destroys  a  positive — a  darkness  which 
shrouds  up  a  light ;  but  the  d^notiement  of  the  drama, 
inevitable,  and  indissolubly  linked  with  all  that  has  con- 
stituted Life.  Death  is  a  new-birth :  with  it  certain 
forms  of  existence  are  completed,  and  certain  others 
are  commenced.  It  is  the  destruction  of  the  organic 
tmity,  and  consequently  of  the  phenomena  which  were 
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dependent  on  that  unity.  This  definition  seems  pre- 
ferable to  that  which  says,  ''  Death  is  the  cessation  of 
the  fanctions  of  life ; "'  for  that  cessation  may  take 
place  in  an  organism  still  capable  of  life,  and  therefore 
not  dead.  The  congealed  frog,  and  the  dried  rotifer, 
exhibit  none  of  the  fmictions  of  life ;  yet  they  are  not 
dead;  the  unwound  watch  is  silent,  but  it  is  not 
destroyed. 

As  there  is  life  of  the  parts,  of  the  cells,  and  of  the 
whole  organism ;  so  likewise  is  there  Death  of  the 
parts,  of  the  cells,  of  the  whole  organism.  In  each  case 
the  destruction  of  the  organic  unity  brings  a  cessation 
of  the  organic  fanctions. 

1**.  Death  of  the  Parts. — ^The  life  of  the  cell  depends 
upon  a  twofold  movement  of  composition  and  decom- 
position, of  assimilation  and  disintegration,  of  repair 
and  waste.  In  the  first  of  these  movements  there  is 
union  of  elementary  principles,  and  growth  of  the 
substance  of  the  cell ;  in  the  second  movement  there  is 
separadiion  of  elementary  principles  from  the  existing 
substance,  and  this  is  decay,  or  DeatL  Thus  indis- 
soluble are  life  and  DeatL 

Molecular  death,  or  waste  of  substance  consequent 
on  vital  activity,  is  incessant ;  but  the  organism  lives 
on,  surviving  this  death  of  the  organs,  as  the  nation 
survives  though  men  perish  daily 

2^  Death  of  the  Organism, — Although  differing 
only  in  unessential  particulars,  there  are  three  heads 
under  which  all  forms  of  death  are  classed :  I.  Natural 
death ;   2.  Accidental  death ;  3.  Death  from  disease. 
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It  is  clear,  however,  that  whether  the  interruption  of 
the  vital  manifestations  aiise  from  the  gradnal  decay 
and  obstruction  which  is  brought  about  by  old  age,  by 
disease,  or  more  suddenly  by  wounds  and  poisons  ;  in 
each  case  Death  results  from  the  interruption  of  that 
relation  between  the  several  parts  of  the  vital  mechan- 
ism, which  brought  all  its  units  into  active  unity, 
making  each  play  into  the  other.  In  old  age  this  in- 
terruption comes  on  gradually.  The  old  man  dies  in 
detail ;  his  functions  dwindle  ;  his  senses  grow  one  by 
one  less  active,  and  many  ordinary  causes  of  sensation 
cease  to  affect  him.  In  disease  the  interruption  is 
rapid ;  still  more  so  in  fatal  accidents. 

Yet,  although  the  organism  may  be  dead,  many  of  the 
organs  may  be  living :  the  interruption  may  have  taken 
place,  and  the  unity  be  destroyed,  but  the  units  are  not 
destroyed.  Hours  after  a  man  is  dead,  his  muscles 
live,  and  will  contract ;  his  glands  live,  and  will  secrete ; 
his  heart  lives,  and  will  beat ;  his  stomach  lives,  and 
will  digest.*  Beard,  hair,  and  nails  will  grow,  and  cut 
surfaces  grow  together.  M.  Gerdy  says  that  the  head 
rolling  on  the  scaffold  is  not  dead,  for  the  features  can 
be  made  to  contract,  as  in  horrible  passion,  twelve  or 
fifteen  hours  after  decapitation.  Dr  Ure  experimented 
on  the  body  of  a  man  who  had  been  hanged,  and 
frightened  the  spectators  by  the  sight  of  this  corpse 
starting  up,  its  features  convulsed  as  with  passion  and 
terror,  when  a  powerful  galvanic  battery  was  applied. 

*  In  certain  fishes,  digestion  will  continue  twenty-four  hours  after 
death.— Chas.  Robin  :  Mimoires  d«  la  SociSU  de  Bioloffie,  r.  134. 
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On  the  other  hand,  many  of  the  parts  may  be  dead 
while  the  organism  continues  to  live.  In  disease  and 
wounds  this  is  constantly  the  case.  The  negroes  on  the 
African  coast  frequently  begin  to  putrefy  at  their  extre- 
mities before  death  comes  on — their  limbs  rotting,  while 
heart,  lungs,  brain,  and  stomach  are  active. 

VIII.  Apparent  Death. — It  is  of  the  first  importance 
that  we  should  be  able  to  discriminate  real  from  appa- 
rent death;  and  that  we  should  have  some  simple 
memorable  indications  which  may  preserve  us  from 
those  fearful  mistakes  of  "  buried  alive,"  common 
enough  in  ancient  times,  and  not  wholly  unknown  in 
our  own. 

Writers  on  this  subject  are  fond  of  citing  tlie  case  of 
Francois  Civille,  a  Norman  gentleman  of  the  days  of 
Charles  IX.,  who  described  himself  as  having  been 
"  thrice  dead,  thrice  buried,  and  thrice  resuscitated  by 
the  grace  of  God.'*  Winslow,  the  famous  anatomist,  is 
said  to  have  been  twice  buried.  If  many  of  the  re- 
puted dead  have  awakened  from  their  lethargy  in  time, 
there  is  a  frightful  suspicion  that  many  others  did  not 
awake  in  time.  It  is  easy  to  say  that  only  culpable 
ignorance,  and  culpable  carelessness,  can  in  our  day 
permit  such  mistakes ;  but  I  find  an  authentic  case  so 
late  as  1843,  in  France,  in  which  a  beggar  was  found 
drunk,  on  the  road  to  Nantes,  and  was  mistaken  for 
dead ;  all  preparations  for  burying  him  were  made, 
when  those  who  came  to  carry  him  away  were  startled 
by  his  opening  his  eyes,  shaking  himself,  and  asking 
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where  he  was?  Nay,  so  late  as  1849,  the  French 
Academy  accorded  a  prize  of  1500  francs  to  the  essay 
of  M.  Bouchut,*  the  money  having  been  furnished  by 
a  philanthropic  professor  at  the  University  of  Bome, 
P.  Manni. 

The  definition  of  Death  which  I  have  proposed,  fur- 
nishes the  real  clue  in  every  case.  The  common  notion 
that  Death  is  the  cessation  of  the  vital  functions,  is  no 
guide.  It  does  not  discriminate  between  Lethargy  and 
Death.  Those  who  were  buried  ahve  gave  no  sign 
whatever  of  Life ;  and  except  one  little  detail,  which 
will  presently  be  noted,  there  was  nothing  which  could 
lead  by-standers  to  the  suspicion  that  a  corpse  was  not 
before  them. 

Mr  Braid,  in  lus  Observations  on  Trance^  has  col- 
lected examples  of  the  Indian  Fakeers,  which  seem  tol- 
erably authenticated.  ''  In  one  of  these  vouched  for 
by  Sir  Claude  M.  Wade,  the  Fakeer  was  buried  in  an 
underground  cell,  under  strict  guardianship  for  six 
weeks  ;  the  body  had  been  twice  dug  up  by  Eunjeet 
Singh  during  the  period  of  interment,  and  had  been 
found  in  the  same  position  as  when  first  buried.''  In 
another  case  narrated  by  Lieutenant  A.  Boileau  in  his 
Narrative  of  a  Journey  in  Rajtuirra,  1835,  "  the  man 
had  been  buried  for  ten  days  in  a  grave  lined  with 
masonry,  and  covered  with  huge  slabs  of  stone,  and 
strictly  guarded ;  and  he  assured  Lieutenant  B.  that  he 
was  willing  to  submit  to  an  interment  of  twelve  months' 

*  BouoHUT :  Traits  dea  signet  de  la  fnort  «  des  vMyeM  deprivmir  Ut 
enterremmts  prhnahtris.    1849. 
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duration,  if  required.  In  a  third  case,  the  trial  was 
made  under  the  direct  superintendence  of  a  British 
officer,  a  period  of  nine  days  having  been  stipulated  for 
on  the  part  of  the  devotee ;  but  this  was  shortened 
to  three  days  at  the  desire  of  the  officer,  who  feared 
lest  he  should  incur  blame  if  the  result  was  fatal  The 
appearance  of  the  body  when  first  disinterred  is  de- 
scribed in  all  instances  as  having  been  quite  corpse- 
like, and  no  pulsation  could  be  detected  in  the  heart 
or  arteries.  The  means  of  restoration  employed  were 
chiefly  warmth  to  the  head,  and  friction  to  the  body 
and  limba" 

Let  us  now  glance  at  the  various  signs  of  Death,  and 
estimate  the  value  of  each. 

1°.  The  cadaver  (ma  aspect  of  the  face,  familiar  to 
every  one,  is  by  no  means  a  certain  characteristic, 
since  it  is  observed  in  persons  much  exhausted  by 
chronic  maladies ;  and,  moreover,  it  is  not  observed  in 
persons  who  have  died  from  accident,  or  &om  acute 
malady. 

2°.  The  coldness  and  lividness  of  the  skin  are  very 
equivocal  Those  who  die  fiom  chronic  maladies  or 
violent  bleeding  rapidly  becoine  cold ;  but  those  who 
die  from  asphyxia  are  a  long  while  becoming  cold, 
nor  does  the  body  lose  its  tints  for  many  hour&  I 
have  already  noticed  surprising  cases  of  the  body 
retaining  its  warmth  many  hours  after  death.* 

3°.  Rigidity  of  the  limbs  is  one  of  the  most  reliable 
signs.    It  is  always  observed  sooner  or  later :  sooner 

*  See  vol.  i.  chap.  vii.  p.  444. 
VOL  IL  2  K 
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in  those  weakened  by  old  age,  or  long  illness,  than  in 
the  young,  or  in  those  who  perish  from  aocident,  and 
in  those  suffocated,  especially  those  suffocated  by 
carbonic  acii  It  persists  generally  twenty-four  to 
thirty-six  hours  ;  but  the  causes  which  retard  its  first 
appearance  prolong  its  duration ;  for  instance,  after 
suffocation  by  carbonic  acid  it  does  not  come  on  till 
about  fifteen  hours  after  death,  and  lasts  several  days 
if  the  air  be  at  once  cold  and  dry.  This  cadaveric 
rigidity  is  to  be  distinguished  from  the  rigidity  of 
congelation,  and  from  that  convulsive  rigidity  pro- 
duced by  certain  nervous  states :  in  the  first  case  a 
limb  or  finger  is  heard  to  crick  when  bent— which  is 
said  to  arise  from  the  breakage  of  little  congealed 
masses  ;  in  the  second  case,  the  bent  limb  returns  to 
its  original  position  when  the  force  which  bent  it  is 
removed,  whereas  in  the  dead  body  a  limb  once  bent 
retains  that  position. 

4".  Cessation  of  the  Respiration  and  CircuIatiofL — 
It  is  worthy  of  remark  that  all  the  ordinary  means  of 
ascertaining  whether  the  heart  has  ceased  to  beat, 
and  the  lungs  to  act,  have  little  scientific  value.  You 
may  fail  to  detect  the  slightest  pulse  at  the  wrist, 
temple,  or  chest.  You  may  place  a  bright  mirror 
before  the  mouth,  and  it  will  not  be  obscured ;  you 
may  hold  a  flame  before  the  mouth,  and  it  will  not 
flicker ;  you  may  place  threads,  or  down,  on  the  lips, 
and  there  will  be  no  stir ;  yet  the  patient  may  be 
living.  Nevertheless  it  is  tolerably  certain  that,  in 
the  higher  animals  at  least,  actual  cessation  of  the 
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circulation  must,  if  prolonged,  be  regarded  as  the 
sign  of  death.  How  then  to  establish  the  reality  of 
this  cessation?  M.  Bouchut  says  there  is  but  one 
test,  and  that  is  infallible — ^namely,  auscidfation.  By 
the  aid  of  the  stethoscope  the  circulation  can  be  heard, 
when  it  can  be  detected  by  no  other  meana  In 
the  Report  of  the  Commission  appointed  by  the 
Academy,  this  cessation  of  the  heart's  action,  as  de- 
tected by  the  stethoscope,  is  considered  to  be  the 
infallible  sign  of  death — and  the  time  which  this 
cessation  must  be  obsenred  may  be  estimated  at  five 
minutes.  If  during  five  minutes  no  sound  whatever 
be  heard,  the  certainty  of  death  may  be  relied  on. 

Taken  in  conjunction  with  cadaveric  rigidity,  this 
last  sign  may  be  said  to  furnish  a  positive  assurance 
of  Death.  But  in  cases  where  the  stethoscope  cannot 
be  applied,  or  where  no  skilled  practitioner  is  present 
to  apply  it.  there  is  one  other  sign— namely.  Putre- 
faction, This  cannot  be  mistaken.  It  manifests  itself 
at  first  as  a  blue-gi^en  tint  over  the  skin,  especially 
about  the  abdomen,  and  soon  spreading  all  over  the 
body.  This  sign,  if  preceded  or  accompanied  by  cada- 
veric rigidity,  can  be  relied  on  as  infallible. 
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And  now,  reader,  we  have  reached  the  end  of  our 
toilsome,  but,  let  me  hope,  not  profitless  journey. 
There  are  many  other  questions  of  interest  and  im- 
portance which  the  physiologist  has  to  study,  but 
they  do  not  fall  within  the  range  of  common  in- 
terests, and  must  therefore  be  omitted  from  these 
pages.  My  object  was  thus  explained  in  the  original 
prospectus : — 

"  No  Scientific  subject  can  be  so  important  to  Man 
as  that  of  his  own  life.  No  knowledge  can  be  so  inces- 
santly appealed  to  by  the  incidents  of  eveiy  day,  as  the 
knowledge  of  the  processes  by  which  he  lives  and  acts. 
At  every  moment  he  is  in  danger  of  disobeying  laws 
which,  when  disobeyed,  may  bring  years  of  sufiering, 
decline  of  powers,  premature  decay.  Sanitaiy  re- 
formers preach  in  vain,  because  they  preach  to  a 
public  which  does  not  understand  the  laws  of  life — 
laws  as  rigorous  as  those  of  gravitation  or  motion. 
Even  the  sad  experience  of  others  yields  us  no  lessons, 
unless  we  understand  the  principles  involved.  If  one 
man  is  seen  to  suflfer  from  vitiated  air,  another  is  seen 
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to  endure  it  without  apparent  harm ;  a  third  concludes 
that  '  it  is  all  chance/  and  trusts  to  that  chance :  had 
he  understood  the  principle  inyolved^  he  would  not 
have  been  left  to  chance — his  first  lesson  in  swimming 
would  not  have  been  a  shipwreck. 

''There  is  a  daily  increasing  desire  for  scientific 
knowledge.  Science  passes  &om  its  laboratories  into 
the  public  thoroughfares.  But  although  thousands  are 
now  anxious  to  undei-stand  the  chief  physiological 
laws,  the  majority  cannot  overcome  their  invincible 
repulsion  from  anatomical  details.  Many  would  rather 
remain  ignorant  than  gain  knowledge  through  such 
paths.  It  is  believed  by  the  Author  of  the  proposed 
work  that  a  clear  and  accurate  conception  of  the  chief 
physiological  laws,  sufficient  for  ordinary  practical 
guidance  and  for  scientific  culture,  msLj  be  impressed 
upon  the  mind,  and  illustrated  by  memorable  facts, 
wiihout  once  appealing  to  anatomical  knowledge.  It 
will  be  his  object  to  expound  prindpUa  rather  than 
to  teach  a  science ;  and  these  principles  will  be  illus- 
trated by  the  most  striking  facte  hitherto  ascertained. 
Assuming  the  position  of  a  lecturer  addressing  a  mis- 
cellaneous audience,  he  will  imagine  that  beside  the 
Medical  Student  there  sits  an  intelligent  Artisan — 
beside  the  Man  of  Letters  sits  the  Mother  of  a  family ; 
and  he  will  endeavour  to  be  intelligible  and  interest- 
ing to  all,  while  reproducing  the  latest  discoveries 
of  European  investigators,  and  the  results  of  original 
research" 
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How  far  this  object  has  been  attained,  the  reader 
mnst  judge ;  but  I  have  received  such  cheenng  and 
generous  encouragement  from  the  profession  and  the 
public,  during  the  course  of  monthly  publication,  as 
fully  to  repay  the  great  pains  and  labour  bestowed  on 
the  work ;  and  I  now  part  from  it,  and  the  reader,  with 
reluctance  and  regret. 


INDEX. 


Abd-el-Kadrr  on  the  breeding  of  the 
Arab  horse,  il.  S91. 

Absorbents  or  lymphatics,  tee  Lym- 
phatics. 

Absorption  not  oniTersallya  port  of 
digestion,  L  193. 

Abstinence,  power  of,  among  tlie 
lower  animals,  L  12 — ^the  effects  of 
partial,  20 — its  effects  on  animal 
temperature,  434. 

Acardiac  births,  casee  of,  i.  823. 

Accidents,  hereditary  transmission  of, 
a  381. 

Accidental  death,  what,  ii.  445,*446. 

peculiarities,  hereditary  trans- 
mission of,  ii.  380. 

Acid,  effects,  4m).,  of  the,  in  thega&tric 
juice,  1.  209. 

Acids,  valup  of,  as  alimentary  prin- 
ciples, i.  148 — ^free,  in  the  gastric 
juice,  205,  206. 

ActiniiB,  influence  of  light  on  the, 
ii.  325. 

Activity,  hunger  a  stimulus  to,  i.  2. 

Acquapeniieiite,  Fabrico  d',  the  valves 
of  the  veins  discovered  by,  L  805, 
.108. 

Adipose  tissue,  proportion  of  fat  in,  i. 
76. 

After-tastes,  examples  of,  11  805. 

Age,  relation  of,  to  animal  beat,  L 
425  H  S€q.    See  also  Old  age. 

Air,  importance  of  fresh  and  danger 
of  impure,  i.  350  et  «t^.— vital,  the 
composition  and  properties  of,  858 
—quantity  of,  inspired  snd  expired, 
367— alteration  of  it  in  respiiutlou, 
368. 

Air  cells,  the,  in  the  human  lungs,  L 
364. 

Albinos,  li^ht  oolotir  of  the  black  i>ig- 
ment  of  the  eye  in,  ii.  384. 

Albumen,  how  classed  by  Llebig,  i. 
71 — incapable  of  supporting  life  by 
itself,  81,  82— discovery  of  Mulder 
regarding  vegetable,    113— expon- 


ments  on  ix^ection  of,  117— as  an 
alimentary  principle,  122  H  ley.— 
proportion  of,  in  various  substances, 
123— in  vegetables,  124— fowerof  the 
organism  to  form,  183— coagulation 
of,  in  flesh,  153 — action  of  the  stom- 
ach on,  208,  209— action  of  bile  on, 
224 — proportion  of,  in  blood,  262. 

Albuminous  principle,  necessity  oL 
in  food,  L  120. 

substances,  refutation  of  Lie- 
big's  view  regarding,  i.  75 — shewn 
to  oe  heat-protlucvrs,  90 — their  rapid 
de:»truotion  within  the  body,  92,  93 
— their  instability,  1X8 — aciion  of 
the  gastric  Juice  on,  206 — ^influence 
of  fat  on  digestion  of,  211 — amount 
dissolved  by  the  gastric  Juice,  214 — 
results  nf  Etomachic  action  on,  215 — 
action  of  the  pancreatic  Juice  on, 
226. 

Alcohol  as  an  alimentary  substance, 
i.  141 — ^its  action  concentrated  and 
diluted,  142— its  dangers,  145— its 
physiological  action,  td.  177,  178 — 
the  allied  effects  of,  on  the  blood, 
884. 

Alimentary  canal,  digestion  the  func< 
lion  of  the,  L  193. 

priuciplea,  the  various,  i  122 

etMQ. 

'  substances,  what,  L  59 — ^influ- 

ence of  the  body  itself  on,  63. 

Alkalis,  influence  of.  On  the  gastric 
Juice,  i.  212. 

Almonds,  oil  in,  i.  184. 

Ammonia,  influence  of,  on  the  coagu- 
lation of  the  blood,  i.  J60. 

Amoeba,  the,  and  reseniblonco  of  the 
blood  corpuscles  to  it,  i.  260. 

Arophioxus,  peculiarity  of  cerebral 
developn)ent  of,  ii.  91 — probable 
part  played  by  the  spinal  cord  in, 
266. 

Amputation,  sensation  referred  to  the 
part  removed  after,  ii.  296. 


456 


INDEX. 


AiuBsihetics,  the  Talne  oC  U.  148. 

Anatomical  connectioa  detenxiinM 
functions,  IL  46. 

Anatomist,  views  of  the,  on  mtmcle, 
contrasted  with  the  chemist's,  i.  77 
—and  on  bIo'>d,  79. 

Anatomy,  general,  what,  L  4— oden- 
tific  process  of,  as  re^^rds  the  study 
of  life,  4cc.,  and  the  ari^ments 
against  it,  ii.  86. 

Andents,  Tsrieties  of  food  among  the, 
i.  53. 

Andersson  on  the  effects  of  thint,  L 
«3. 

Andral  on  the  effects  of  dJaeaae  on  the 
cerebellum,  ii.  129. 

Anemone  nemorosa,  how  its  odour 
affects  different  penona,  ii.  816. 

Animals,  consumption  of  water  by 
different  kinds  of,  L  47— on  the 
application  of  Liebi^  dassifieation 
to  tlieir  feeding,  73 — ^Lawes  and 
Gilbert's  exi>eriment8  on  feeding,  94 
—nutrition  in,  fallacy  regardii^  it, 
97 — alleged  incapability  of  their 
assimilating  inorganic  substances, 
08 — ^these  indispensable  to  them,  99 
—influence  of  their  respiration  on 
air,  354 — ^withdrawal  of  oxygen  from 
the  air  by  them,  894 — ^varieties  as 
regards  respiration  in,  896 — ^tempe- 
rature of,  405— the  distinction  of, 
into  warm  and  cold-blooded,  418 — 
ezperimentiug  on  live,  defended 
from  charge  of  cruelty,  IL  86  note- 
nervous  systems,  Ac,  of  the  lower, 
44  —  systemic  consdousness  in 
these,  7ft— alleged  dependence  of 
sensation  on  the  brain  in,  85— rela- 
tive weight  of  the  brain  In,  98 — 
sensation  in  headless,  176  et  »eq. — 
spontaneous  movements  in  brain- 
less. 184  et  «eg. — the  ground  on  which 
feeling  is  assumed  on  behalf  of 
them,  287 — ^this  proof  equally  ap- 
plicable in  case  of  decapitated,  ib. — 
manifestations  and  prestimed  origin 
of  spontaneity  and  choice,  ^8— ex- 
periments on  decapitated,  shewing 
spontaneity  and  choice,  239  et  teq. — 
the  sleep  of,  846 — ^permanency  of 
breed  oi,  377— colours  and  spots 
transmitted  in,  880. 

Animal  body,  amount  of  waste  fatal 
to  the,  L  9. 

diet,  not  always  strength-giving, 
1. 121. 

effluvia,  density  and  slow  dif- 


fusion of,  ii.  817. 

food,  cases  in  which  poisonous, 


i.  69 — arguments  in  fiivour  of,  174. 
heat,  production  of ,  as  a  source 


of  waste,  L  17 — relations  of  rospira' 
tion,  Ao.  to,  454,    Bm  also  Heat. 
—  —  life,    what,    as   distinguished 
from  vegetable^  iL  430— or  relative 


life,  Bicfalt*s  A.— peodiar  to  sal- 
mala,  i&. — ^its  organs  not  invariably 
symmetrical.  4S*J — the  so-called  law 
of  intermittenoe  as  characterising 
432. 

Animal  ovpms,  the,  said  to  be  givea 
by  the  male.  iL  891,  39&  . 

sensibility,  the  so-called.  iL  77. 

—— —  spirits,  the  old  hypothesis  of, 
iLT. 

Animalcules,  animal  heat  of,  L  412. 

Anterior  nerves,  musculsr  sensibility 
derived  through  the,  iL  87 — their 
sensory  function,  88. 

Antipathy,  cases  of,  as  regards  food, 
L  60. 

Aorta,  the,  L  295— its  position,  230, 
820— effect  of  tying  it,  279— Jn  the 
-fish,  824. 

Aplysis,  action  of  the  inte^ctinal  Juice 
In  the,  L  22^— its  nervous  system, 
iL44. 

Apparent  death,  cases  and  phenomena 
of,  ii.  447. 

Appetite,  the  first  gradation  of  him- 
ger,  L  8— periodicity  of  its  recur- 
rence, 6— the  sensation  of,  27— 
Increase  oC  with  cold,  184. 

Appetites,  origin  of,  in  systemlo 
sensations,  iL  117. 

Apricot,  sugar  in,  L  189. 

Aqueous  humour  of  the  eye^  the,  iL 
327. 

Arab  horses,  influence  of  each  parent 
in  the  breeding  of.  ii.  891. 

Arbor  vit^e,  the,  in  the  brsin.  iL  89. 

Arcet,  H.  d',  his  process  for  extraction 
of  gelatine,  i.  ISO. 

Aristotle,  definiticm  of  Ufe  by,  ii.  424. 

Arnold,  Prof.,  oppodtion  of,  to  8ir 
Charles  Bell's  views,  iL  S(>--experl- 
ments  on  tJie  posterior  nerves,  35. 

< ,  criticisms  of; on  Marshall  Hall's 

observations,  IL  188  —  bis  work 
against  the  reflex  theory,  and  views 
on  the  spinal  cord,  229. 

Arterial  blood,  change  of,  to  venons, 
L  242 — disthiction  between  it  and 
venous,  265— views  of  the  audents 
regarding  it,  298. 

bulb,  the,  in  the  fish,  L  824. 

Arteries,  belief  of  the  ancients  regard- 
ing, i.  297— origin  of  their  name, 
298— discovery  of  Oalen  retrarding, 
ib. — their  valves,  809— rate  of  the 
drculation  in  them,  828  —  thoir 
action,  837. 

Asddian,  nervous  system  of  the,  iL 
44. 

A  sell!,  discovery  of  the  Ijrmphatios 
by,  L  816. 

Asphyxia,  $m  Suflboatipn. 

Ats's  milk,  caaeine  in,  L  125— fat  in, 
185. 

Asdmilstlon.  process  of,  within  the 
organism.  L  52— neceasi^  for,  as 
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regards  tbe  food,  117— Assamed  to 
go  on  chiefty  during  sleep,  li.  059 — 
a  continuous  procefls,  860. 

Association  of  ideas,  influence  of,  as 
regards  Toluntary  and  inroluntary 
actions,  ii  S04. 

Astley,  Mr,  taming  of  wild  aniivals 
by  thint,  1.  88. 

Atavism,  what,  and  phenomena  refer- 
able to  it  iL  405. 

Atmosphere,  bow  its  balance  is 
restored,  LUBetteq. 

Attention,  relations  of,  to  aensatioo,  iL 
6(V— difference  between  It  and  con- 
sciousness, 63. 

Auditory  nerve,  the,  ii.  819. 

Auricles,  the,  L  298,  294— in  the  flsb, 
324. 

Auscultation,  Iniportance  of,  for  de- 
termining the  reality  of  death,  iL 
461. 

Aiutria,  horse-flesh  need  in,  i.  163. 

Austrian  lip,  the,  a  case  of  hereditaxy 
transmission,  il.  880. 

Automatic  action,  relations  of,  to  sen- 
sation, iL  68. 

Bachs,  the  congenital  musical  genius 
of  the,  iL  40  J. 

Back,  taotUe  sensibiUty  of  the.  iL  297. 

Baden,  sale  of  horse-flesh  in,  L  168. 

Balllarger,  M.,  oonclusiotis  ot  regard- 
ing the  white  and  gray  mattua  of 
the  brain,  iL  98. 

Baiu,  Mr,  on  volition,  and  on  volmi- 
tary  and  involuntary  actions,  ii. 
208,  S09  el  «eo.— on  respiration,  279 
—on  the  musical  note,  82*2. 

BakewelL  value  attached  to  the  ewe 
by,  il.  897. 

Baking,  action  of,  on  meat,  i.  156. 

Baly,  Dt,  case  of  partial  loss  of  sensa- 
tion from,  and  examination  of  infer- 
ences  from  it,  ii.  261— on  the  excita- 
tion of  taste  by  mechanical  stimuli, 
8C2. 

Barclay,  Captain,  command  over  sleep 
possessed  by,  ii  864. 

Bardeloben,  experiments  by,  with  salt, 
i.  142. 

Barley,  albumen  in,  L  124— gluten  in, 
128. 

'  meal,  sugar  in,  L  188. 

Bartholin,  discovery  of,  r^pardlng  the 
lymphatics,  L  317. 

Bathing,  effects  of,  on  thirst,  L  84. 

Beans,  nitrogen  in,  and  their  nutritive 
value,  L  82— ghtten  in,  128. 

Beaumont,  Dr,  on  the  cause  of  tbe 
sensation  of  himger,  L  29 — on  the 
influence  of  fats  on  the  formation  of 
bile.  186— tible  of  digestibility  of 
various  meats  from,  167 — ^his  obser- 
vations on  the  gastric  juice,  diges> 
tion.  &c.  201  —  on  the  muscular 
action  of  the  stomach,  208. 


B^clard,  definition  of  Ufe  by,  IL  425.    . 

Becquerel,  his  thermo-electrometer, 
L  410. 

Beddoe,  Br,  experiment  by,  on  the 
flesh  of  the  donkey,  1. 166. 

Bee,  the  brain  of  the,  the  sensibilities, 
Ac  manifested  by  it,  iL  91.  93— 
aflSnily  between  ito  wings  and  those 
of  the  bird,  93— and  between  their 
br^ns,  94. 

Beef,  muscle  of,  albumen  in,  L  123— 
and  fibrine,  t6. — ^why  more  digest- 
ible than  veal  and  chicken,  152 — 
boiled,  roasted.  Ac,  time  in  which 
digested.  167, 168. 

Beer  as  an  article  of  dieti  L  176— how 
classed  by  Liebeg,  71. 

Beet-root,  sugar  in,  i.  189. 

Beetle,  the  nervous  system  of,  gpangUa 
of  head  and  body,  dtc,  iL  178. 

Bell,  Sir  Charles,  the  discovery  of,  re- 
garding the  nerves,  iL  26  tf  mo.— 
views  of,  on  sensation,  143,  144— -his 
so-called  musciilar  sense,  280  et  «eg.— 
ease  recorded  by  him  illustrating  it, 
285. 

B^rard,  M.,  cases  of  alleged  fksting 
from,  1.  18 — on  the  life-sustaining 
power  of  water,  20— on  oases  of  ab- 
stinence fh>m  Uqidds,  43— on  trans- 
fusion of  blood,  276— on  the  alleged 
discovenr  of  Csaealpinus,  804— ou 
that  of  Harvey,  ib. — on  respiration, 
868  —  on  the  so-oaUed  olfactory 
nerves,  ii.  810. 

Berger  and  Delaroche,  experiments 
by,  on  animal  heat,  L  420. 

Bergmann  and  Leudchart,  their  defl- 
nition  of  the  braiD,  ii.  159. 

Berlin,  sale  of  horse-flesh  in,  L  163. 

Bernard,  Claude,  experiment  by,  on 
a  dog,  i.  46— experiments  by,  on  in- 
jection of  suKar,  Ac,  117— on  the 
conversion  of  gelatine,  134— disco- 
very of  the  sugar-forming  power  of 
the  liver  by,  140  noU—oa  the  action 
of  the  saliva,  195 — on  chymiflca- 
tion,  208— parallel  by,  between  the 
action  of  uie  gastrio  juioe  and  boil- 
ing, 215— on  the  action  of  bile  in 
the  stomach,  224— on  the  pancrcatio 
Juioe,  226— the  digestive  tract  from, 
230,  820— on  the  lacteals,  2S2— re- 
searches ot,  on  coagulation  of  blood, 
268 — on  venous  blood,  269— on  the 
quantity  of  the  blood.  272— experi- 
ments by.  on  vitiated  air,  374— on 
respiration,  381 — and  on  carbonic 
oxide,  386— experiments  of,  on  com- 
bustion and  respiration,  S90— expe- 
riments of,  on  the  nerves,  iL  16— 
hypothesis  of.  respecting  the  nerves, 
38— on  sensibility,  72— on  the  action 
of  the  Woorara  poison  on  the  nerves, 
79 — experiment  on  a  trog  by.  258— 
ease  from,  of  sense  of  smell  in  ab- 
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Benoe  of  olftotory  nwyea,  Sll — on 
the  relation  b:;t«reen  these,  813. 

Berth^  cUundfication  of  oils  by  their 
digestibiUty  br.  i.  135. 

Bets,  the  muBcuIar  action  of  the  atom- 
ach  denied  by,  1.  SOS  noU. 

Beyer,  case  of  animation  in  brainless 
infant  recorded  by,  iL  227. 

Bicli&t  on  the  tissues,  L  3 — views  of, 
on  the  capillaries,  814 — and  on  re- 
niiratlon,  852— definition  of  life  by, 
if.  -425-his  classification  of  life,  480, 
481~on  the  vegetai  and  animal  or- 
gans, 481 — ^his  biws  of  intennittenoe 
and  continuity,  482. 

Bidder  and  Schmidt  on  the  amount 
of  food  required,  i.  10— on  the  func- 
tions of  WAter  in  the  body,  87— re- 
searches of,  on  the  action  of  saliva 
on  starch,  198,  199 — on  the  acid  of 
the  gastric  luice,  209— <m  the  quan- 
tity secreted,  218 — on  the  effects  of 
fats  on  the  bile,  220— <ai  the  action 
of  the  intestinal  Juice,  229. 

Bile,  influence  of  fats  on  formation  ot 
L  136— its  action  on  the  food,  220~ 
action  of  fnts  and  water  on  it,  221— 
part  played  by  it,  222  ef  se^.— excess 
and  deficiency  of,  as  a  cause  of  indi- 
gestion. 232. 

BiThars  on  the  blood  parasite,  i.  252. 

Biliousness,  alleged  production  of,  l>y 
fats,  i.  221. 

Biulogv,  importance  of  form  in,  L  112. 

Bird,  the,  constancy  of  its  tempera- 
ture, i.  406 — its  vrings  and  those  of 
the  bee,  ii.  93 — analogy  between  the 
brains  of  the  two,  94. 

Birds,  power  of  resisting  starvation 
among  different  clas-es  of,  i.  11 — 
the  flesh  oi;  as  an  article  of  diet^ 
158— the  blood  discs  in,  244,  246— 
the  valves  in  their  veins,  807 — respi- 
ratory organs  in,  862 — ^respiration 
and  animal  heat  among,  447 — tlie 
cerebral  development  of,  ii.  91  — 
eflbcts  of  the  removal  of  the  cere- 
bellum on,  124 — relations  of  the  lat- 
ter to  the  vertebral  column  in, 
127. 

Birth,  cases  of,  vrithout  a  heart,  i.  323. 

Biischoff,  estimate  of  the  quantity  of 
the  blood  by,  i.  278. 

Black  Hole  of  Calcutta,  Mr  Holwell's 
narrative  of,  i.  88  et  »tq. 

Block  pigment  of  the  eye,  the,  ii.  826, 
882  —  peculiarity  of  it  in  Inverte- 
bmtes,  833 — its  imx)ortance  in  rela- 
tion to  sight,  834. 

Blainviile,  M.  de,  on  the  supposed  dis- 
covery of  Cffisalpinus,  i.  S03— <lelini- 
tlon  oflife  by,  ii.  425. 

Blind,  sensibihty  of  the,  to  sound,  iL 
8-25. 

BlindTif>ss,  congenital,  its  frequency, 
ii  566. 


Blondlot,  ezx)erhnent8  on  dpgs  by,  L 
202— on  the  muscular  action  of  the 
stomach,  203  —  on  chymificatfam, 
208. 

Blood,  effects  of  starvation  on  the,  L  8 
— as  a  food,  how  classed  by  Liebig. 
7k— different  views  of  the  chemi«t 
and  the  anatomist  on,  79,  80 — |fro- 
portion  of  salt  in  it,  104 — regarded 
as  a  standard  of  food,  115— reasons 
against  its  being  so,  116— experi- 
nieutd  on  feeding  with,  116— fibrine 
in,  124— the  dot,  i6.— iron  in,  147 
— effects  of  vegetarianistn  on.  175 
— ^the  function  of  dij;csti<4i  to  mako 
it,  193— the  river  of  life,  239— the  so- 
called  purifying  it,  240— quantity  at 
nutiitfve  matter  and  waste  cooveved 
by  it,  241— its  weight,  i6.— itsehutgo 
from  arterial  to  venous,  242— variety 
of  substances  carried  by  it,  «5.— the 
discs,  248 — the  colourless  corpuscles, 
249  et  sa;.— parasite  in  It,  251— is  it 
alive,  254 — ^its  liquid  plasma,  255— 
esses  in  which  not  ooagulable.  258 — 
cause  of  the  ooacyxlauon,  259 — its 
chemical  composition,  261  el  teq. — 
arterial  and  venous,  265 — ^its  quan- 
tity, 271 — ^the  letting  of^  274 — ^tiaus- 
fusion,  ib. — ^what  are  the  vivityinsr 
elements  in,  278 — it  nourishes  ana 
stimulates,  281— oxygenation  of,  the 
result  of  respiration,  856,  859— state 
in  which  carbonic  add  and  oxygen 
exist  in,  871  —  effects  of  carbonic 
oxide  on,  885,  886 — excitation  of 
taste  by  reaction  through  it,  ii.  306. 

drculatlou  of  the,  its  wonders, 

L  270— did  Harvey  discover  it,  SSI- 
diagram  of  it,  293 — its  ccurse  from 
the  heart,  Ac.  294— hist«<ry  of  its 
disooveiy,  296  et  ug. — errors  a£  the 
ancients,  297— the  general,  discover- 
ed, 802— discovery  of  the  valves  of 
the  veius,  306— gaps  in  Harvey's 
doctrine,  810 — the  capillaries  dta- 
covered,  812 — and  the  lympbatica, 
815— its  course  recapitulated,  819~ 
cause  of  it,  822— it  without  a  heart, 
S23— its  rapidity,  327— action  of  the 
arteries,  887— oi  the  capillaries,  338 
et$eq. 

ceUs,  the  vivifying  element  in 


the  blood,  i.  280— their  power  of  ab- 
sorbing oxygei),  281 — their  relation 
to  nutrition,  284  et  »eq. 

discs,  representation  of  the.  L 


8,  '243  et  M}.— influence  of  their  form, 
&c.,  246— their  structure,  247— ana- 
lysis of  Uiem,  263. 

Bloodhound,  the,  why  it  hunts  with 
its  nose  to  the  groimd,  iL  317. 

Blood-letting,  extraordinary  cases  oC 
L  274. 

Blundell,  revival  of  transfusion  of 
blood  by,  L  270. 
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Bocker,  Dr,  experlmentB  of;  on  the 
action  of  tea»  i.  176. 

Body,  the,  the  oomperisoii  of  it  to  a 
flteam-engine  examined,  i.  7— large 
proportion  of  water  in,  36 — ^itt  influ- 
ence on  the  food,  68— everywhera 
animated  by  the  aoul,  iL  S34. 

Body-eenaationa  of  Prochaska,  the,  ii. 
43. 

Boerhaave,  leat  assigned  the  sonso- 
rium  by,  ii.  41. 

Boileau.  reception  of  Harvey's  doc- 
trine oy.i.  810. 

Boiling,  action  of,  on  meat,  I.  105 — ^re- 
semblonce  of  the  action  of  the  gas- 
tric juice  to,  21& 

BoliTia,  day  eating  in,  1.  54. 

Bomare,  on  hybrids  between  wolf  and 
dog,  iL  899. 

Bones,  effects  of  starration  on  the, 
L  82— phosphate  of  lime  indis- 
pensable to,  100— the  extraction  of 
gelatine  from,  130— nutritive  pro- 
perUes  of,  182, 183, 

Bone  soup,  iimutritious  quslittes  of, 
i.  180, 181, 182. 

Benito,  temperature  of  the,  i.  400. 

Borelli,  researches  o^  on  coagulation 
of  the  blood,  i.  257. 

Bo^esmans,  gluttony  of  the,  L  188. 

Bouchut,  M.,  on  auscultation  In  de- 
termining the  reality  of  death,  iL 
451. 

BouiUaud,  experiments  of,  on  the 
cerebrum,  ii.  IOC— views  of,  as  to 
the  cei-ebellum,  125, 186. 

Bourbon  nose,  the,  a  case  of  heredi- 
tary transmission,  ii.  880. 

Boutekoe,  seat  assigned  the  sensoiium 
by,  IL  41. 

Bronchio-oephaiic  veins,  the,  destitute 
of  valves,  1.  807. 

Braid,  Mr,  coses  of  simulated  death 
from,  ii.  448. 

Brain,  the,  influence  of  starvation  on, 
L  22,  28— proportion  of  fat  in  it,  76 
^ts  relations  to  sensation,  ^.,  iL  4 
— ^views  held  rofjarding  it,  5— views 
of  Prochaska  on  it,  4*^— the  grav  and 
white  matters  of,  48— identity  <A 
oiganic  relation  between  ganglia 
and  it,  45— long-continued  miscon- 
ception regarding  it,  88— it  currently 
regarded  as  the  sensoiium  commune, 
S^proof  that  it  is  not  so,  t5.  et  uq. 
—inconsistencies  of  physiologists  re- 
garding it,  85— its  structure,  87— 
view  of  its  component  parts,  Ac , 
88,  80— dJagnun  of  vertiosl  section, 
90— its  development  in  the  different 
vertebrates,  t6.— connection  of  in- 
telligence vTith  it,  91— its  essential 
identity  in  the  bird  and  the  bee, 
94— shewn  by  comparative  anatomy 
to  be  not  toe  sole  centre  of  sensa- 
tion, 96  •its  weight  in  man,  dbc,  97 


—the  white  and  the  gray  matter,  98 
— Amotions  of  Cerebrum,  99 — the  r^ 
searches  and  condnsionsof  Flouiens, 
^.,  ftc.,  on  the  effects  of  removing 
the  Cerebrum,  104  et  m;.— relative 
alxe  of  it  in  dlflbrent  animaK  and  re* 
lations  of  this  to  their  intelligoucey 
ISO — ^ftmctions  of  the  Cerebdlum, 
121  tt  HQ. — ^functions  of  the  Medulla 
Oblongata,  187 — summary  of  its 
functions,  149 — ^proofs  of  voluntary 
movement  after  its  removal,  184— 
reflex  action  in  it,  191  tt  leg.— errors 
arising  finom  holding  it  to  be  the 
sole  seat  of  sensation,  834— propor- 
tion borne  by  spinal  cord  to,  in 
different  animals,  265— visual  images 
not  transmitted  as  such,  to,  829— 
excitement  of  it  prevents  deep,  856 
—  temporary  congestion  of  it  the 
cause  of  deep^  858,  SOS-H-estorative 

1)ower  of  deep  with  r^fard  to  it,  861 
ts  activity  ouring  sleep,  878 — pro* 
bable  action  of  it  in  dreama,  866 
dtnq. 

Bnuns  aa  an  article  of  diet,  L  159. 

Bread  countries,  the,  as  defined  by 
Schouw,  L  172. 

Breathing,  as  a  source  of  vraste  in  the 
body,  L  18— water  thrown  off  in,  84 
—an  example  of  reflex  action,  U.  57 
—relations  of,  to  the  will,  198.  8u 
also  Respiration. 

Breathing-mechanism,  the,  L  855.  8ti 
Respiration. 

Breed,  permanency  of,  iL  877. 

Bronchial  tubes,  the,  L  895  — their 
office,  864— representation  ot,  365. 

Bronchitis,  what,  i.  864. 

Brothers,  Irequent  differences  of  char- 
acter among,  ii.  879. 

Brown,  Sequwxl,  on  transftidon  of 
blood,  i.  276— researches  of,  on  the 
blood  cells.  281— on  the  Ainctious  of 
oxygen  and  carbonic  acid  in  it,  i5. 
tf  teq  — on  animal  heat,  447— expe- 

.  rimeats  by,  on  the  posterior  nerves, 
iL  85— cases  recorded  by,  of  destruc- 
tion of  the  cerebellum,  182— expe- 
riments of,  on  Flourens's  vital  point, 
146— on  the  muscular  sense,  285. 

Bruch  on  venous  and  arterial  blood, 
L  268. 

Brttcke,  views  of,  on  the  coagulatlou 
of  the  blood,  L  261. 

Brunner^s  gland.  L  228. 

Buckle,  Mr,  his  views  as  to  inherited 
qualities  examined,  ii.  876  tt  $eq. 

Budd,  Dr,  on  the  value  of  vegetable 
acids.  L  148. 

Buffon  on  hybrids  between  wolf  and 
dog,  iL  899. 

Burdach  on  the  life-sustaining  power 
of  water,  i.  20 — experiments  by,  on 
feeding  rabbits,  179— on  the  trana- 
mission  of  colour,  iL  899. 
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Susk,  Mr,  on  tho  blood  diaoB,  1.  249 

note. 
Butter,  proportian  of,  in  milk,  L  lU. 
Byron,  Admiml,  experiences  of,  after 

starvation,  i.  0. 

Cabbaoi,  gluten  in,  L  1S8. 

Gssaalpinus,  diac»Teiy  of,  regarding 
the  circulation,  i.  80S. 

Calamus  scriptorius,  the,  il.  146. 

Calmeil,  Tiews  of,  on  the  spinal  eord, 
ii.  228. 

Calcar,  the  illustrator  of  Vesalius^  L 
299  noU. 

Camper,  seat  aasignod  the  sensoxium 
by.  li.  41. 

Caxmibalism,  oongenital  tendency  to, 
iL  885,  886. 

Capillaries,  the,  i.  S41~on  the  liver, 
243— transmission  of  fluids  through 
their  walls,  107 — not  known  to  Har- 
vey, 292— discovery  of  them,  812 — 
rate  of  the  circulation  in,  827,  828— 
their  action  in  the  circulation,  888 
— supposed  cause  of  it,  839  d  uq. 

Cap*llu7  circulation,  continuance  of^ 
after  death,  i.  826. 

Curbon,  'proportion  oC  in  the  bloody  L 
202— oxidation  of,  the  alleged  cause 
of  animal  heat,  440. 

Carbonic  add,  proportion  of,  in  venous 
and  arterial  blood,  i.  266— its  oxigin, 
267— its  function  in  the  blood,  281 
et  aeq.--eaBoca.iion  by,  347 — propor- 
tion of.  In  air,  854 — ^its  removal  by 
respiration,  868— Apparatus  for  shew- 
ing this,  869— state  in  which  it  ex- 
ists in  the  blood,  871 — ^its  presence 
arrests  respiration,  878  ct  teq. — pro- 

Sortion  which  is  fi&tal,  881,  882— not 
irectly  poisonous,  888— how  re- 
moved ttom  the  atmosphere,  898 
et  8tq.  —  its  effects  on  odours,  U. 
815. 

Carbonic  oxide,  poisonous  character  of, 
L  884— experiments  on,  885. 

Carburetted  hydrogen,  why  inodo- 
rous, iL  314. 

Camivora,  the,  their  power  of  resist- 
ing starvation,  L  11 — ^peculiarities  of 
their  feeding,  ib. — feed  chiefly  en 
herbivora,  115  wite. 

Carotid  artery,  the,  i.  280,  820. 

Carpenter,  Dr.  on  the  use  of  alcohol, 
L  148— on  circulation  apart  from  the 
heart,  828— -on  the  emptying  of  the 
arteries  after  death,  826  —  on  the 
cerebellum  in  the  nuunmalia,  iL 
128 — on  reflex  action  in  the  brain, 
191  H  M}.— on  taste  in  the  lower  ani- 
mals as  a  security  against  poison- 
ing, 804. 

Garus,  opposition  of,  to  the  reflex 
tlieory.  ii.  229. 

Caseine,  proportion  of.  in  mQk,  1.  110 
an  alimentary  principle,  125. 


Cat,  the,  ftn  diet,  L  6S. 

Caviare^  albumen  in,  L  1S$— oil  feu 
184. 

Cell,  the.  acts  ae  audi  only  while  re- 
taining that  form,  1 112— life  oi;  ii. 
419,  421,  426  H  ff^.— description  of 
it,  427— the  ultimate  form  of  osgaale 
life,  428. 

Colls,  proportion  of,  in  blood,  L  262. 

Centipede,  nervous  system  ot,  iL  4^-> 
anaJogT  of  its  nervous  qrstem  to 
that  01  man,  88. 

Cereals,  the,  albumen  and  fibrime  In, 
L  124. 

Cerebellum,  the,  its  position,  IL  88 — 
disposition  of  gray  and  white  matter 
in  it^  80,  08— ita  relative  weight  in 
man,  07— ita  ftmctlons,  121— its  oon- 
position,  A.— its  position,  to.,  12S — 
Gall's  hypothesis  regarding  it,  d^— 
experiments,  fte.,  of  Floorens,  ISS 
—the  hypothesis  that  it  is  the  seat  of 
muscular  co-ordination,  114  et  st^.— 
its  relation  to  muscular  movements, 
126— experiments,  Aa,  of  Schifl^  126 
^influence  of  dlMase,  128  tf  SBg-— 
case  in  which  wanting,  120  conclo- 
si<ms  from  this  case,  181  tt  se;.— not 
the  sest  of  muscular  co-ofdinatinn, 
188— a  seat  of  eensation  and  ToUtioii, 
ib. 

Cerebral  excitement  prevents  sleep, 
ii.  856. 

Cerebro-spinsl  axis,  the,  IL  14,  87— in 
the  insect,  88. 

Cerebrum,  the,  its  position,  iL  88— Its 
couTolutlons,  CH^its  relative  weight 
in  man,  07— arrangements  of  gray 
and  white  matter  In,  t5.,  08— its 
functions,  09— eflbcts  of  pressnTe 
on  it,  100— case  illustrating  effects 
of  pre«8ure  on  It.  101 — ^the  researches 
of  Flourens  regarding  it,  104  a  «y. 
—effects  of  its  removal  on  memory, 
105, 107— experiments  &&,  of  Booil- 
laud  on  it,  106— of  Losiget  and  of 
Dalton,  108— conduaions  of  the  lat- 
ter as  to  dependraoe  of  intellectnsl 
sensations  on  it,  100— general  oon- 
clusions  Arom  these  experiments,  112 
—what  ar6  its  fuiicnons,  118— no 
nerves  originate  in  it,  \b. — views  cf 
Proehaaka,  A:c,  on  it,  ifr.— its  r€ta- 
tions  to  sensibility,  i6.  et  mq. — sub- 
division of  ito  sensibilities,  114  — 
difficulty  with  regard  to  this,  115— 
hypothesis  prc^Msed,  16.— dqiend- 
eoco  of  the  spinal  oord  on  it,  110— 
the  seat  of  intelligence  and  emotion, 
266. 

Cbabert,  the  fire  king,  i.  416. 

Chambers,  Dr.  on  the  actkm  of  tea, 
Ac.,  L  176,  177—- on  the  importance 
of  mastication,  200. 

Chambon  on  hereditary  trsnamisriqp, 
of  colours  in  snimsls,  iL  380. 
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Cbareoal,  laflboation  t>y  ftunes  of,  1. 

847. 
Cheek,  tactile  aeiiBifaiUty  of  the,  U. 

«97. 
Cheese,  caeelne  In,  L  125—eiIiBCta  ot^ 

on  flavour  of  wines,  UL  806. 
Chemical  action,  intimate  connection 

of,  with  vitality.  IL  418. 
--^—  aflfinitles,  not  controlled  by  life, 

IL  417— eiTect  of  light  on.  L  111. 
-»—  laws,  Inadequate  to  ezphtin 

physioloffical  phenomena,   1.   00— 


cause  of  this,  08. 
proceasb  the^ 


198. 


in  digestion,  L 


-^-^  theoTy  of  food,  enors,  fta  of 
the,  i.  67  d  9eq. — its  insuffidoncy, 
112, 118. 

Chemist,  views  of,  on  muscle,  con- 
trasted  with  the  anatomist's,  L  70— 
and  on  blood.  79. 

Chemistry,  true  relations  of,  to  the 
science  of  food,  i.  OS. 

Cherries,  sometimes  pemidous,  L  00 
— eucraj*  in,  189. 

Cheselden,  exi)eriments  of^  on  the 
effects  ot  piercing  the  tympanum, 
ti.  820. 

Chest,  tactile  sensibility  ef  the,  iL 
297. 

Chewing  the  food,  the,  not  universally 
a  port  of  digestion,  i.  198. 

Cheyne,  Dr,  case  of  control  over  the 
heart  recorded  by,  iL  228. 

Chicken,  muscle  o^  albumen  in,  i. 
128  —and  flbrine,  ib.  —  why  less 
digestible  than  beef,  152. 

Child,  the  sleeping,  Ulustratlons  of 
choice  frnm,  ii  241— picture  of, 
asleep,  847. 

Children,  necessily  of  caution  as  to 
diet  of,  L  01. 

Chloride  of  sodium,  presence  and  im- 
portance of,  in  the  body,  L  108. 

Cmorlne,  effect  of  light  on  ite  affinity 
with  hydrogen,  L  111. 

Chocolate,  as  an  article  of  diet,  i. 
176. 

Choice,  manifestation  oi^  and  its  pre- 
sumed origin  in  animals,  ii.  288 — 
implies  sensation  and  volition,  289 
^-indications  of  it  in  decapitated 
animals,  ib.  etteq.,  248  et  stg. 

Choroid  coat  of  the  eye,  the,  ii.  820. 

Cbossat,  the  experiments  of,  on  inani- 
tion, L  9, 12, 21 — experiments  by,  on 
withholding  phosphate  of  lime,  100 
—and  on  the  influence  of  fiwtlng  on 
temperature,  434,  435. 

Chyle,  nature  of  the,  i.  229— what,  816. 

Chyme,  what,  L  200— representation 
of,  207. 

Circulation  of  the  blood,  the,  its  dis- 
covery, L  201— continuous,  ii.  483— 
cessation  of  it  as  a  sign  of  death, 
450.    8te  also  Blood. 


Civille,  Franeois,  the  case  of,  IL 
447. 

Clarke,  Dr  B.,  on  the  uses  of  the  tym- 
panum, iL  820. 

— —  Lockhart,  views  of,  on  the  cere- 
bellum, iL  188— on  the  medulla 
oblongata,  189  noee— his  microscopic 
preparationB  of  the  spinal  cord,  270 
ttteq. 

Clay,  allaying  of  hunger  by  eating,  L 
80. 

Clay-eaters,  tribes  of;  i.  58  it  teq. 

Climate,  influence  of,  on  demand  for 
food,  L  182. 

Clot  of  the  blood,  the,  L  124,  266. 

Clypcus,  pecuharity  regarding  the, 
I.  277  ncu. 

Coagulation  of  the  blood,  the,  L 
250. 

Cochin  fowls,  on  hybrids  of;  11. 
895. 

Cochnme,  Captain,  on  thie  gluttony  of 
the  Takutf,  1, 185. 

Coooa  nut.  oil  in,  1.  184. 

Coecum,  the,  L  219— its  position,  Ac., 
230,  231,  820. 

Coffee,  thirst  increased  by,  i.  88— cases 
in  which  pernicious,  00  —  as  an 
article  of  diet,  176, 170— effects  of; 
on  respirfttion,  871. 

Cold,  influence  of.  on  the  circulation, 
L  842— stupefying  effects  of;  489— 
when  dangerous,  t6.— the  sensation 
of.  ii.  291— anecdote  shewing  its 
power  to  produce  sleep.  862  «t  teq. — 
modemte,  prevents  it,  856. 

Cold-bloodea  animals,  influence  of 
temperature  on  feeding  of,  1.  0 
—  compared  with  warm-blooded 
as  regards  starvation,  10— oircula- 
tion  after  removal  of  hetu-t  in,  825— 
can  breathe  in  air  irrespirable  by 
warm-blooded,  879— effects  of  tem- 
perature on  respiration  of,  400 — 
distinction  between,  and  warm- 
blooded, 418  et  aeq. — respiration  and 
animal  heat  among,  440. 

Cold  climates,  alleged  greater  con- 
oumption  of  heat-produdng  food  in, 
L  87— great  consumption  of  fat  in, 
89— Increased  demand  for  food  in, 
182. 

Colin  and  Btfrard  on  the  action  of  the 
pancreas,  i.  227. 

Colliers,  case  of,  shut  up  without 
food,  1.  27. 

Colombo,  the  pulmonaiy  drcolation 
discovered  by,  1.  802. 

Colon,  the,  L  219 — ^its  jxMition,  Ac, 
280,  231,  820. 

Colour,  hereditary  transmission  of.  in 
animals,  iL  880— fhun  which  parent 
derived,  898  et  teq. 

Colour-bl^dness,  the  phenomena  of, 
ii.  841. 

Colourless  corpuscles^  tba^   in   the 
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blood,  L  240— reeemblo  the  amcebap 
250. 

Combetto,  ease  recorded  by,  of  absent 
cerebellum,  and  concluaions  from  it, 
iL  1S9  et  9eq. 

Combustion,  theory  of  respiration 
being  identical  with,  i.  890. 

Comparacive  anatomy,  Ya^ue  of,  in  the 
study  of  life,  to,,  ii.  86,  87— teach- 
ing of,  regnrding  the  ganglia  and 
the  brain,  04,  90. 

Conoentrsited  and  diluted  agents,  dif- 
ference between  action  of.  L 143  et  teq. 

Condiliao,  the  hypothetical  statue  of; 
ii  344. 

Conditions,  influence  of  different, 
with  r^;ard  to  food.  L  109. 

Congestion,  partial,  the  cause  of  sleep, 
it.  868. 

Conscious  sensibility,  the  so-called,  ii. 
72. 

Consdousness,  oonnection  of  the  ner- 
vous system  with,  it.  6  —  various 
definitions  of,  48 — distinction  be- 
tween, and  attention  in  relation  to 
sensations,  43 — ^relntion  of,  to  sensa- 
tion, 61— concurrence  of  nil  our  sen- 
sations to  form,  6fr— that  of  exist- 
ence, 66— general,  69— particular, 
tt.— the  various  forms  of— the  sys- 
temic, 74— the  sense.  77 — uie 
thought,  tft. — ambiguity  in  use  of 
the  word,  and  confusion  ftx>m  this, 
194, 195. 

Constitution,  parental  influence  on, 
ii.  884  €t  »tq. 

Constructive  association,  Mr  Bain  on, 
ii  217. 

Consimiption.  hereditary  transmission 
of,  ii.  884,  885. 

Continuity,  BichAt's  law  of .  ii.  438. 

Contractility,  muscular,  anal(^  be- 
tween, and  nervous  sensibility,  ii. 
73,  195. 

Control,  definition  oi;  with  regard  to 
action,  ii  201— its  counection  with 
reflex  feeling,  202  et  t«f. 

Convalescence,  peculiarities  of  appe- 
tite during,  i  6. 

Convolutions,  supposed  influence  of, 
in  the  brain,  ii  98. 

Cooking,  action  of  various  kinds  o( 
on  meat,  i  164  el  »eq. 

Cooper,  Sir  Astley,  case  of  Icmg-oon- 
tiiiued  insensibility  recorded  by,  ii. 
101— case  of  partial  paralysis  re- 
corded by,  185. 

Comoro,  quantity  of  food  consumed 
by,  i  181. 

Cornea  of  the  eye,  the,  ii.  826. 

Corpora  qiiadrigemina,  the,  by  some 
included  in  the  brain,  11  90— their 
functions,  187. 

—  striata,  the,  in  the  brain,  ii. 
00 — their  ftinctions,  187. 

Coipus  callosum,  the^  in  the  bndn,  ii. 


89— held  to  be  the  seat  of  the 

rium,  41. 
Cow,  the.  Its  flesh,  L  15S— tmwnua- 

sion  of  colour  in,  ii.  880. 
Cow's  milk,  caseine  in,  L  185— 4st  in, 

135. 
Crime,  hunger  a  stimnlna  to,  L  S. 
Crucifene,  uie,  rejected  by  the  hone, 

i68. 
Crura  cerebri,  the,  iL  138L 
Crustacea,  rrapiratorT  organs  in  the, 

i.  86^ — the  bUnd,  the  eye-pigmeut 

wanting  in,  ii.  834. 
CrystalUne  humour  of  the  eye^  the,  iL 

827. 
CurdofmHk,  the,  LISS. 
Cuticle  or  scarf  skin,  the.  i.  8&. 
Cutis  or  true  skin,  the,  i  85. 
Cuvler  on  the  alleged  discovery  of  Ser- 

vetus,  i.  801— on  the  conclusions  of 

Flourens  regarding  the  cerehram, 

iL  112. 
F.,  on  transmitted  qualitiea,  iL 

400. 

Daltost,  J.  analjrris  of  vitiatedair  hy.  L 
854— the  colour-blindness  ot  ii  841. 

Dr.  experiments,  ^rc,  oC  on  the 

elTeets  of  the  removal  of  the  Cere- 
brum, ii  108 — ^hiM  C(>ncIusious  re- 
garding the  latter,  109  tt  teq.—oa 
the  efiecta  of  injtny  to  it  in  man, 
111— observations  on  a  fowl,  ib. 

Daltonism,  what,  ii  841. 

Damiens,  the  regicide,  anecdote  o<;  3. 
852. 

Danney.  H.,  experiments  on  heredi- 
tary tnnsmistton  in  xabbita,  ii  S87. 

Dareste.  IL,  on  the  white  and  gray 
matters  of  the  brain,  iL  96. 

Darkness,  effects  of,  on  req;>lratio«i,  L 
871. 

Daumas,  General,  on  the  influence  of 
each  parent  in  the  Arab  horse,  ii. 
89L 

Davy,  Dr  John,  on  non-ooegalable 
blood,  L  859. 

Deal,  a  Frenchman,  singular  suicide 
ot  L  847. 

Death,  slow  or  sudden,  difftrrent  effect 
of,  on  the  heart,  i  ft35— no  analoisy 
between  Sleep  and,  Ii  848 — ajipear- 
ance  of,  contrasted  with  life,  412 — 
the  necessary  issue  of  life,  442 — is 
determined  by  the  changes  of  life, 
44S_what  it  is,  444— that  of  the 
parts,  445— of  tiie  organism,  ib. — 
apparent,  447— the  signs  of  it,  449 
et  seq. 

De  Cojidolle,  views  of,  on  the  influ- 
ence of  each  parent  on  plants,  ii. 
89L 

Demoorito^  his  theory  of  vkioo,  iL 
827. 

Denis,  transftision  of  blood  by»  L  875l 

Derma,  the,  L  8A. 
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Deacartos,  recoption  of  Harvey's  doc- 
trine by,  L  310— seat  aBsigned  to  the 
sensorium  by,  ii.  41. 

Devtiopment  or  DifrerentlAUon,  the 
law  of^  as  one  of  the  laws  of  life,  ii. 
429. 

Dextrine,  ready  conTersion  of  starch 
into,  i.  197,  227. 

Diastole  of  the  heart,  what,  1.  S^. 

Dietaries,  table  of  viuious,  i.  187, 188. 

Dietrich  on  pulsation  after  death,  L 
386. 

Differentiation,  the  law  of,  11.  439. 

Di^stibility  essential  to  estimate  of 
tood,  i.  116— not  the  sole  test  of  nu- 
tritiveness,  152. 

Digestion,  influence  of  Tegetable  acids 
on,  L  148 — ^importance  of,  to  health 
and  comfort,  190— complexity  of  the 
process,  191 — its  fimction,  193— pro- 
cess in  the  mouth,  194 — ^in  the  stom- 
ach, 201— in  the  intestines,  219— the 
tract  of,  230 — causes  of  bad,  282— 
arrested  in  the  stomach  by  bile,  228 
—influence  of  the  nervous  system 
on,  238— effects  of,  on  respinttion, 
871— is  intermittent,  ii.  433. 

Digestive  fluids,  the,  proportion  of 
water  in,  i.  87. 

— —  tract,  view  of  the,  1.  230. 

Discs,  the.  in  the  blood,  i.  243. 

Diseaso,  death  from,  446,  440. 

Distuma  haematobium,  the,  i.  252. 

Dog.  the,  diet  of,  i.  62— hybrids  be- 
tween, and  the  wolf  and  tox,  11.  394, 
899,  400  et  ieq. 

Dogs,  experiments  on  feeding,  on 
gluten,  &c.,  i.  82 — ^transmission  of 
peculiarities  in,  ii.  382,  384. 

Donders,  researches  of,  on  the  action 
of  saliva  on  starch,  i.  198. 

Donkey,  the  fleah  ot  as  an  article  of 
diet.  I  166. 

Donn£,  M.,  experiments  ot,  on  gela- 
tine, i.  131. 

Dormouse,  loss  of  weight  by,  during 
its  winter  sleep,  i.  18. 

Dowler,  Dr  B.,  on  phenomena  aft«r 
death  from  yellow  fever,  i.  327— on 
animal  heat  after  death,  444. 

Draper,  Professor,  on  the  colourless 
corpitBcles  of  the  blood,  i.  252— on 
the  circulation  in  the  liver,  823— hLi 
hypothesis  of  the  action  of  the  capil- 
lanos,  839  d  ««9.— his  theory  of  viidon, 
833  et  ieq. 

Dreams,  the  current  views  of,  and 
their  defects,  ii  366— definition  of 
866— action  of  the  brain  in,  367— 
influence  of  subjective  sensations 
in,  868— theory  of,  869  H  teg.- their 
coherence  aud  incoherence,  870 — 
we  are  surprised  but  not  arrested 
by  the  latter,  871 — ^influence  of  the 
systemic  sensations  In,  872— alleged 
unoonBdoujmess  of^  SIS, 


Drowning,  death  by,  L  848,  888— its 

cause,  349. 
Drum  of  the  ear,  the,  see  T^panum. 
Drunkenness,  how  it  causes  double 

vision,  ii.  840. 
Dublin  hospital,  effects  of  ventilation 

illustrated  in,  i.  378. 
Dubois,  Beymond,  on  nerve  force,  IL 

18. 
Duck,  time  in  which  digested,  i.  169. 
Dug^s,  definition  of  life  by,  IL  425. 
Duiker,  the,  its  power  ot  subsisting 

without  water,  L  48. 
Duodenum,  the,  i.  219,  220— its  posi- 
tion, tc,  230,  231,  320. 
Dutrochet,    the   thermo-electrometer 

of,  L  411. 
Dyspepsia,  ne  Indigestion. 

Ear,  the,  as  the  organ  of  hearing,  II. 

317— description  and  sections  of  it» 

818  et  Mtq. 
Ears,  power  of  moving  the,  sometimes 

possessed,  ii.  222. 
Eating,  effects  of,  on  respiration,  L 

399. 
Ecker  on  the  hvdra,  1.  261  note— on 

double  vision  in  the  drunken  man, 

ii.  840. 
Eckhard  on  the  nervous  system  of  the 

heart,  i.  333. 
Edwards,  W.  F.,  his  researches  on  ro- 

spiration,  i.  362. 
observations    of,    on    animal 

heat,  i.  426, 428.  429,  430,  451 -expe- 
riments of,  on  irogs,  Ac,  453. 
and  Balzac,  the  memoir  o^  on 

gelatine,  L  181. 
Egg,  the,  inexplicable  by  chemistry, 

1.  65— white  of^  its  nubicive  value, 

122— sugar  in,  140. 
Eggs,  cases  in  which  pernicious,  L  00 

—yolk  of;  oil  in,  134— as  an  article 

of  diet,  169. 
Ehrenberg,  analysis  of  edible  clay  by, 

L  64. 
Eland,  the,  its  power  of  subsisting 

without  water,  1.  47— its  flesh,  166. 
Electric  action,  relations  of,  to  the 

sensibility  concerned  in  muscular 

adjustments,  ii.  287. 
Electrical  stimuli,  sensation  of  taste 

excited  by,  ii.  802,  SOS. 
Electricity,    hypothetic    identity    of 

nerve  force  with,  iL  8. 
Emotion,  relations  of,  to  sensation,  ii 

117,  118— how  it  affects  the  action 

of  the  heart,  148. 
Emotional  excitement,  effects  of,  on 

respiration,  i  899. 
Enoephalon,  the,  or  Brain,  ue  Brain. 
Endosmometer,  the,  i  106. 
Endosmoso,  the  law  of,  and  its  promo- 
tion within  the  body  l^  salt,  i  lOi, 

106— action  of,  in  the  oirculatioD, 

814. 
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ISngUmd,  inereaaed  ftttontian  to  Tanti- 

lation  in,  L  378. 
Ephomerom,  the  blood  discs  In  the 

Jarnt  of,  L  S46  nott. 
Epidermia,  the,  L  85— eflfeot  of  its  de- 

atructioii  on  tactile  aenaibility,  iL 

298. 
Epigvneala,  Wolff's  doctrine  ot  1.  888. 
Epithellam,  the,  what,  L  218  noU. 
Eaquimaux,  the.  unprolific^  L  168— 

food  consumed  by,  185. 
Easential  cila,  the,  aa  condiments,  i. 

137. 
Etherisation,    sensation    during,    11. 

64. 
Euphorbia,  the,  the  food  of  the  black, 

and  deadly  to  the  white  rhlnoceroa, 

i  62. 
Ewe's  milk,  caseine  in,  i.  125— Ikt  in, 

135. 
Exdto-motor  actions,  the  aoKaJIed,  iL 

165,  193. 
Excito-motory  fibres,  the  supposed, 

now  rejected,  iL  173. 
Exercise,  value  of,  to  the  dyspeptic, 

i.  2SS — ^influence  of,  in  oouxneractlnff 

cold,  439. 
Existence,  the  sensations  which  con- 
stitute the  cousdousness  of,  iL  66. 
Exosmoeis,  what,  L  106. 
Experiment,  true  value  of,  as  regards 

the  study  oflife,  Ac,  ii.  87. 
External  medium  and  conditions,  in- 
fluence of,  on  life,  U.  434. 
Extra-tropical  vegetables,  the,  L  171. 
Eye,  the,  as  the  oigan  of  sight,  ii.  325 

— description  of  it,  326— structure, 

fto.,  of  the  retina.  830— the  black 

pigment,  832— the  blind  spot  in  the, 

to. — duration  of  impressfoos  on  it, 

338— «ingle  vision,  339. 
Eyes,  effects  of  starvation  on  the,  L 

21. 

Facx,  comparative  sensitiveness  of 
the,  ii.  290— cadaverous  aspect  of, 
as  a  sign  of  death,  449. 

Families,  diversities  of  character,  Ac, 
in,  ii.  879. 

Family,  the,  not  the  type  of  the  states 
L  66. 

Fasting,  amount  of  waste  caused  by, 
fatal,  L  9 — prolonged,  examination 
of  cases  of,  10,  13  tt  teq. — phydolo- 
gicul  arguments  against  these,  16 
et  aeq. — supposed  accumulation  of 
the  gantrio  juice  during,  29— effects 
of,  on  the  stomach,  32— state  of  the 
stomach  during,  202 — eflect  of,  on 
the  quantity  or  the  blood,  272— in- 
fluence of,  on  animal  temperature, 
484. 

Fat,  loss  of,  during  starvation,  L  21— 
proportions  of,  in  different  tissues,  76 
— the  consumption  of,  in  cold  ooun- 
tties^  89— influence  of,  on  the  digea- 


tion  of  albuminous  subataacea,  tit 
iciaullii  of  stomacbio  arttiwi  on, 
815. 

Fata,  bow  classed  by  liebig,  L  71— 
and  oils,  aa  alimentaiy  pxinciplea. 
134— diflforsntdigestibilitieaof.  18;^— 
action  of  the  gaateie  Juloe  «m.  20fr— 
intestinal  action  on,  819— allege^  in- 
fluence of,  on  tha  bile,  280— do  they 
cause  biliousness  ?  221 — actkm  of  tbs 
bile  on  them,  825— «nd  of  the  pan- 
creatic juice,  226— proportioQ  oC  in 
blood,  868,  265. 

Father,  on  the  relative  initnenoe  oC 
upon  the  otifirpring,  iL  800  H  aes. 

Fatigue,  how  tt  indnoea  aleept  u- 
— -bow  excessive  prevents  it»  861. 

Fauoe^  the,  held  by  Mttller  to  be  tha 
ontsQ  of  taste,  iL  301. 

Feeling,  the  ^nk.  of,  and  its  eonneo- 
tion  with  voluntary  aelian,  iL  210 
€t  seg. — ground  on  which  assomed 
with  regard  to  animals,  iL  2S7.  Set 
also  Sennation. 

Famale,  the,  the  polsa  in,  L  830— tern- 
perature  of,  431. 

Fenestra  ovaUa,  the,  in  the  ear,  il.  SSL 

Ferments,  tendency  of  the  albominoua 
substances  to  act  aa,  L  128. 

Fibrins,  how  clsnwed  bv  lieiblg,  L  71 
— ^UDicapable  of  nourianlng  by  itseli^ 
81,  82 — proportion  ot  in  various  sub- 
stanoea,  123— aa  an  alimentaiy  prin- 
ciple, 184 — In  vegetables,  i6. — ano- 
malies regarding,  187— converaion 
of  starch  into  sugnr  by,  196— of  the 
blood,  855,  856— ouflerent  tiom  mus- 
cle flbrine,  257 — proportion  ot,  in 
blood,  268. 

sugar  in,  L  189. 
[berts,  oa  in,  L  184. 

Finger,  comparative  tactile  aensibility 
of  the,  ii.  897. 

Fish,  dried,  use  of,  among  the  Hin- 
doos, i.  85— as  an  articOe  of  diet, 
digestibility,  ^.,  ol^  166— Leeuwen- 
hoek  on,  167. 

Fishes,  power  of  abstinence  of,  L  12 — 
the  blood  discs  in.  844,  845,  846— no 
valves  in  the  veins  ol^  807— ciicula- 
tion  in,  824— diagram  of  it,  885— 
respiratoiy  organs  in,  868— temper- 
ature of,  408--the  cerebral  devdop- 
ment  o^  IL  91— relative  weight  of 
brain  and  spinal  oord  in,  97. 

Fish-eataig  tribes,  said  to  be  prolific. 
L  16& 

Fixed  ideas,  relations  of,  to  afmsatinn, 

iL58. 
Flesh  as  a  food,  bow  dasaed  by  liebfg, 
L  71 — muscular  qnsHtiea  o^  80 — ^uae 
ot;  as  an  article  of  food,  158  M  aty. — 
changes  in,  bv  lixiviation,  158-* 
action  of  cooldng  on,  154  et  as}.— 
intestinal  action  on,  819. 
Flouzens»  IL,  his  hiatoty  of  the  dia* 
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oorery  of  the  dreulatlan  of  the 
blood,  i.  20<^the  experime&ta  and 
oondualoiM  of*  regaraing  tho  cer»* 
bnun,  U.  104  eC  feg.— «nd  regarding 
the  cerebellum,  128  €t  M9.,  120— 
oonclusiona  from  Combette'i  case 
against  hU  view,  181  — the  vital 
point  of,  145— on  longevity,  488. 

Fluida.  tnuiafuflion  of,  l^  endosmoee, 
i.  100. 

Fostal  epoch  of  life,  the.  ii  487. 

FostuB,  the  voluntanr  motlone  of  the, 
iL20«. 

Follicles,  what,  i.  29  note. 

Fontana,  voluntary  contraction  of  the 
iris  bv,  iL  i2l. 

Food,  the  want  of,  the  cause  of  hun- 
ger, i  5— frequency  of  demand  for, 
m  different  genera,  6— insufficiency 
of.  its  effects,  20— effects  of  injection 
of,  into  veins,  Ao.,  80-^water  the 
carrier  of,  in  the  body,  87— varieties 
of,  as  to  form,  and  identity  as  to 
aliment,  61  — .  assimilation  of  all 
within  the  organism,  62— how  to 
investigate,  60— the  chemioal  me- 
thod and  its  defects,  67  «t  Me.— what 
that  method  has  done,  67— <Ufferent 
kinds  ot  required  by  different  or- 
ganisms, 61 — true  relations  of  chem- 
istry to  the  sdenco  of,  68 — LieUg's 
claaBification  of,  examined,  70  et  »eq, 
—inorganic,  96— its  importance,  90 
—effect  of  different  conditions  with 
regard  to,  109— neglect  of  this  by 
the  chemist,  110— effect  of  the  inter- 
ference of  life.  111 — ^insufficiency  of 
the  chemical  theory  of,  112,  118 — 
digestibility  essential  to,  116-blood 
as  a  standard  of,  id.— milk  as  a  stan- 
dard, 118— four  classes  of  prineiples 
necessary  in,  120— the  various  ali- 
mentary prinoii>les,  122  A  M9. — 
articles  of,  161  <<  ««}.— nutritive 
value  of,  regulated  by  relation  to 
oivanlBm,  179— on  the  quantity  re- 
quired, 180  €l  j«g— eotion  of  the 
mouth  on,  194— of  the  stomach,  202 
—results  of  stomachic  action  on,  216 
—intestinal  digestion  of,  219  «  u^. 
— ill-selected,  as  a  cause  of  indigee- 
tion,  288— relations  of,  to  animal 
temperature,  431  tt  teq. 

Foot,  comparative  sensittveneas  of  the, 
ii.  290. 

Porehead,  tactile  sensibility  of  the,  iL 
297. 

Form,  importance  of,  in  physiology, 
i.  112. 

FoviUe,  views  of,  as  to  the  ftmction  of 
the  cerebellum,  ii.  184. 

Fuwls.  time  in  which  digested,  L  169 
—effects  of  removal  of  uie  cerebrum 
on,  ii.  106,  107,  111. 

Fftmce,  bakixig  of  meat  in.  L  164V-oon- 
sumption  ofhoTBe-fleah  in,  164. 

VOL.  II, 


Franklin  on  fMtlt-wmter  bathing  for 
alli^ying  thirst,  L  84— his  experi- 
ments  on  relation  of  colour  to  tem- 
perature, and  themy  of  vision  illu»- 
trated  (h>m  these,  iL  888. 

Frederick  the  Great,  small  amount  of 
sleep  taken  by,  ii.  857. 

French  workmen,  effects  of  an  animal 
diet  on,  L  175. 

Friction,  assertion  that  lifB  resists,  iL 
485. 

Frog,  vitality  of  the,  i.  279— results  of 
removal  of  its  head,  in  oonnection 
with  the  reflex  theory,  iL  176  ti  »tq. 
— voluntniy  movement  in,  after  re- 
moval of  the  brain,  184— after  being 
skicned  also^  186— experiments  on, 
with  reference  to  the  muscular  senses 
282  <(  seg. — and  shewdog  the  rela- 
tions of  electric  action  to  it,  287. 

Fh)g8,  respiratory  organs  in,  L  862^ 
the  winter  life  of!  462— ndative 
weight  of  brain  and  spinal  cord  in, 
IL  97— effects  of  removal  of  oerekwl- 
lum  on,  126— relations  of  the  latter 
to  the  vertebral  column  in,  127— de- 
capitated, expeiiments  as  to  sensa- 
tion in,  289,  S46  d  m^.— suspended 
animation  in,  418. 

Frying,  eflioots  of,  on  fish,  L  166. 

Function,  distinction  between,  and 
property,  U.  20  «t  uq. — how  deter^ 
mined,  in  nerves,  89— illustration  of 
its  relations  to  propertv,  98. 

Functional  and  mecnanical  activity, 
Bernard  on,  L  269. 

Oauot,  views  of,  on  respiration,  and 
disoovery  regarding  the  arteries,  i. 
298. 

Gall,  views  of,  regarding  the  cerebel- 
lum, ii.  122— on  the  experiments  of 
Sue,  286. 

Gall-bladder  and  duct,  position  of,  L 
230,820. 

Game,  the  flesh  of,  L  168. 

Gaming,  hereditary  transmission  of 
tendency  to,  ii  886. 

Ganglia,  disposition  of  the  nerve 
fibres  in,  L  888  neto—es  part  of  the 
nervous  system,  ii.  9 — sensihUity 
their  property,  18,  24 — ^identity  of 
structure  oC  48 — position  of  gray 
and  white  matter  in,  «6. — tbefr  iden- 
tity of  organio  relation  with  the 
brain,  46— thefr  essential  identity 
with  it.  94.  96— proof  of  sensibility 
behig  the  property  of  all,  179. 

Ganglion,  descnption,  Ac,  of  a,  iL  10. 

Ganglionic  system  of  the  heart,  the,  i. 
832  et  nq. 

-^—  tissue,  sensibility  the  property 
of,  iL  40— analogy  between,  and 
muscular,  78. 

Garden  beetle^  nervous  aystem  of  the, 
iL96,9& 
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Oamett,  Mr,  on  h'ybride  ftom  tbe 
HuMoyy  duck,  ii.  895. 

Oas,  effects  d,  on  the  air,  L  887. 

Gftaes,  how  they  afllact  the  senae  of 
taste,  ii.  SOS— <>dorou9»  Qnham  on, 
814. 

Gasaerian  ffwifllion,  the,  iL  807. 

Oaetrio  fculichta  or  fl^da,  the,  L 
205. 

I  jnioe,  the,  tnppoeed  attacking 

of  the  stomach  hy,  I.  ZO-^npposed 
accumnlation  oH^  durtnff  fkataur,  ih. 
— Dr  Beaiimonf  a  work  on,  201— 
—first  obtained,  -204— 4tB  eompoei- 
tion,  action,  Ac.,  205— nature  of  it, 
&c.,  210— quantity  aooretad,  218 — 
estimates  of  its  aolvent  power,  214 
"-ita  action  on  the  stomach,  216— 
its  action  arrested  by  bile,  228— in- 
sufiAciency  of,  as  a  cause  of  indiges- 
tion,  282— Attacks  the  dead  but  not 
the  liring  stomach,  and  the  sup- 
posed prmf  from  this  as  to  life  eon- 
trolling  chemical  affinities,  iL  417. 

Gaucho,  animal  diet  of  the,  L  121. 

OaTarret  on  the  auimal  heat  of  man, 
i.  410. 

Gelatine  incapable  of  supporting  life 
by  itself,  i.  81,  82- as  an  alimentary 
prindple,  129— action  of  the  stomach 
on,  207. 

— — —  oommiasian,  the,  and  its  re- 
port, L  181— extract  from  its  report, 
SO. 

Gelatinous  tissues,  supposed  forma- 
tion of  the,  from  gelatine,  L  183. 

Gemsbuck,  the,  its  power  of  subsist- 
ing without  water,  i.  48. 

Genius,  where  hereditary,  ii  401. 

Gerdy  on  the  use  of  the  terms  sensa- 
tion, &c,  ii  51— on  the  daasiflcation, 
Ac.,  of  the  senses,  274. 

Gorlach,  his  mode  of  making  micro- 
scopic preparations,  ii.  272. 

Germany,  baking  of  moat  in,  i.  155— 
use  ox  horae-flosh  in,  162— indiflbr- 
enoe  to  renttlation  in,  873. 

Giacomini,  denial  of  the  blood  discs 
by,  L  840  note. 

Gills,  vessels,  to.,  of  the^  in  the  fish, 
L  824— breathing  by,  856,  862. 

Giroti  on  hereditary  transmission  of 
colours,  IL  880— and  of  other  quali- 
ties, 884— on  hybrids  between  wolf 
and  dog.  400— <m  the  potoD<gr  of 
race  as  shewn  m  sheep,  407. 

Glands,  Bernard  on  the  ranctionaland 
mechanical  aetiyity  of;  i.  269. 

Gluten,  capable  of  supporting  life,  i. 
82— as  an  alimentary  princ^le,  127 
— conversiaQ  of  starch  mto  sugar  by, 
108. 

Gluttony,  examples  of,  i.  188. 

Glyoose,  convcrBion  of  dextrine  into, 
1.  197— starch  converted  inUH  219, 
227. 


Goat,  the,  plants  reacted  I7,  L  0t— Hi 
fleah,  158. 

Goat's  milk,  casetne  in,  L  125— Cat  in, 
185. 

Goldsmith,  aoooont  of  the  agnmlwi  of 
starration  from,  L  29. 

Goodwyn,  views  o^  on  asphyxia^  L 
852. 

Goose,  time  in  which  digested,  L  159. 

Gooseberries,  sometimes  pemicioaa,  L 
60— sugar  in,  189. 

Qiaham,  Mr,  on  odorans  siibataneeak 
and  the  nature  of  the  actaon.  iL 
814. 

Grainger,  lb,  the  views  ot  on  the 
reflex  theory,  ii.  1T2— his  sssmtiiin 
that  there  are  reflex  fibrea  ITS— his 
experiments,  Ac.,  on  division  of 
spinal  cord,  189, 258— arguments  oC 
against  its  sensational  power,  238— 
denieathe  seusilnUtyot  the  medulla 
oblongata,  aa  well  as  tha  spinal 
ooidrt84. 

Grandfisther  or  mndroother, 
mission  of  qualities  from,  IL  406u 

Granlfi,  death  of,  by  voluntary 
vation,  i.  19. 

Great  men,  the  children  of,  ii.  401. 

Greengages,  sugar  in,  L  189. 

Greenhuid,  no  cereals  grofwn  In,  L  ITS. 

Gray  matter  of  the  nervous  ayatem, 
Ac,  the,  iL  18— distribution  and 
supposed  fiinction  of,  in  the  bnin, 
90. 

Gritnewaldt,  Dr,  his  obeervatioBa  on 
the  gastric  Juice,  L  202— en  the  qua- 
lity of  the  gastric  juice,  214. 

Guiana,  rlaj  dating  in,  i  54. 

Guildhall  foast,  a,  oontzastedwith  the 
meal  of  an  Iriah  peasant,  L  51. 

Gullet,  the,  its  action  on  the  food.  L 
20:»— ito  position.  Ac  230^  281,  320. 

Gums,  how  claasod  by  Liebig.  i.  7L 

Gums,  the,  shewn  not  to  be  the  onaa 
of  taste,  iL  SOL 

Habttb,  rdationa  of;  to  sensation,  IL 
58— hereditary  transmission  of;  383. 

Hair,  excretory  ftmction  o^  L  28^ 
287. 

Hall,  Manhall,  bis  theory  of  reflex 
action,  and  examination  of  it,  iL  165 
H  »eq. — his  error,  17:i — obaervatioBs 
of,  on  a  headlesa  turtle,  180— reAita- 
tion  of  his  oonclusians  from  thess^ 
181— general  eharaqtar  of  his  Invea- 
tigations,  183 — his  observations  on 
division  of  the  spinal  cord,  and  cri- 
ticism  on  them,  186  H  mq.— on  the 
phimomona  following  divlaioai  of 
spinal  cord,  256— case  of  diseased 

a>ino  recorded  by,  and  examina- 
on  of  his  inferenooB  from  it,  261. 
Bailor,  cases  of  aliased  fiuting  ikom,  L 
13— cases  of  blood-letting  from,  274 
—error  of,  rogaiding  the  motions  of 
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th0  heart,  SSft  note— on  the  cause 
of  these,  881. 

Balludnaiions,  how  produced,  U.  S67, 
388. 

Hamilton,  SirW.,  on  sensation,  IL  52 
— on  the  number  of  the  senses,  S74 
—on  the  muscular  sense,  280— on 
the  tactile  sensibility  of  "vtuious 
parts  of  the  bodj,  297— on  dreaming 
and  dreams,  873. 

Hand,  the,  comparative  se^sitlTeneas 
of,  iL  29&--a8  the  organ  of  touch, 
891,  298— tactile  sensibilities  of  back 
and  front,  297— difference  between 
right  and  left  as  regards  tempera- 
ture, 298. 

Hardening  infants,  theory  of,  and  its 
errors,  L  429  tt  aiq. 

Harloss,  Professor,  on  the  effects  of 
thirst  on  the  nerves,  i.  49  note— case 
of  pulsation  after  death  from.  836. 

Harley,  Dr,  on  the  quantity  of  the 
gasmc  Juice,  L  213  note—ou  the  pro- 
tiection  of  the  stomach  firum  the  gas- 
tric Juice,  218  note. 

Harvey,  views  of,  on  the  vitality  of 
the  blood,  i.  854 — ^what  was  his  dis- 
cover}', 291,  292— the  general  drcur 
lation  discovered  by,  302 — the  pub- 
lication of  his  work,  306 — ^his  orCrin- 
ality,  807 — ^reception  of  his  doctrine, 
809--gaps  in  it,  810— views  of,  on 
the  lymphatics,  818— his  claims,  821. 

Head,  life  of  the,  after  decapitation,  ii. 
446. 

Health,  Importance  of  digestion  to,  L 
190 — ^importance  of  a  knowledge  of 
physiology  to,  ii.  452. 

Hearing,  the  medulla  the  centre  of  the 
nerves  of,  iL  139 — ^the  sense  of,  317 
— the  apparatus  of,  318  €t  seq. — inte- 
grity of  the  tympanum  not  essential 
to  it,  819 — sketch  of  the  process  of 
It,  821— intensitv,  pitch,  and  quality 
of  sound,  322 — ^tnenighest  and  low- 
est audible  sounds,  t&. — ^the  musical 
and  immusiod  ear,  ib. — the  effoct  of 
music,  823 — effect  of  tones,  ib. — sub- 
jective sounds,  824 — ap{ireciation  of 
direction,  «&.— ^its  acuteness  in  the 
blind,  825. 

Heart,  the,  tissues  of  which  make  up, 
1.  4— its  position,  230.  294, 820— error 
of  the  ancients  regarding,  297, 298— 
its  val-ves,  309— is  it  the  cause  of  the 

.  circulation  ?  822— circulation  without 
one,  323— and  after  removal  of  it, 
825 — ^Its  motions,  829— what  causes 
these^  881  —  its  movements  after 
death,  ib.  d  »eq. — ^its  nervous  system, 
dec.,  882  H  <«9.— cessation  of  its  pul- 
sations no  sign  of  death,  8S5-4t8 
moti<m  an  example  of  reflex  action, 
il.  57— arrest  of  its  action  by  Irrita- 
tion of  various  nerves,  147— influ- 
ence of  sudden  emotions  on,  148— 


cases  of  power  over  the  beating  of  it» 
228— active  during  sleep,  848. 

Heat,  effects  of,  on  lat,  L  187— and  on 
the  gastric  Juice,  209— tendency  of, 
to  induce  sleep,  IL  354 — 

— animal,  pnenomeua  of,  i.  405— 

instruments  for  measuring,  409 — ^re- 
lations of  persiuration  to,  418 — its 
constancy  m  man,  422 — its  diflbr- 
ence  at  different  ages,  425  eC  eeg.-* 
relations  of  sex  to,  481 — and  of  food, 
ib.  et  ff^.— influence  of  the  seasons, 
435 — the  chemical  theory  of,  exa- 
mined, 440  et  9^. — effect  of  muscular 
contraction  on,  442— cases  of  it  after 
death,  ib. — ^influence  of  organic  con- 
ditions on,  450  et  $«q. 

Heat-making  substances,  Liebig's  class 
of,  1.  71. 

Helvetius,  argument  of,  against  Ytg^ 
tiuianism,  i.  178. 

Henle,  views  of,  on  the  capillaries,  i. 
814— <m  the  excitation  of  taste  by 
mechanical  stimuli,  ii.  808. 

Hepatic  veins,  the,  destitute  of  valves, 
i.  807. 

Herbivora.  the,  their  power  of  resist- 
ing starvation,  i.  11- peculiarities 
of  their  feeding,  «&.— Klifferencos  in 
the  food  of,  62— the  chief  food  of  the 
csmivora,  115  note. 

Herbst  on  respiration,  L  867— on  the 
effects  of  dieaa  on  it,  868. 

Hereditary  qualities,  eee  Parents. 

Hewson,  the  researches  of,  on  the 
blood,  L  245^  247. 

Hindoos,  the,  their  diet  a  non-nitro- 
genous one,  1.  84. 

Hmny,  the,  ^eged  Influence  of  each 
parent  in,  fi.  892,  893,  899. 

Histoloffy,  what,  i.  4. 

Holland,  Sir  H.,  on  the  relations  of 
attention  to  sensation,  U.  51 — ^his 
view  of  sleep,  849,  860— on  conge- 
nital blindness,  886.  ' 

Holwell,  Mr,  his  narrative  of  tho 
BUMk  Hole  of  Calcutta,  i.  98  et 
»eq. 

Home,  estimate  of  weight  of  food  by, 
i.  186. 

Horse,  the,  plants  rerfeeted  by,  i.  63. 

Horses,  tammg  of,  by  thirst  i.  88. 

Horse-flesh,  on,  as  an  article  of  diet, 
i.  160  et  eeq. 

Hottentots,  gluttony  of  the,  i.  188. 

Hufeland,  account  of  suicide  by  star- 
vation by,  L  25— error  o(  regarding 
longevity,  iL  439. 

Human  blood,  chemical  analysis  o^  i. 
262. 

milk,  caseine  in,  L  125— fat  in, 

135. 

Humboldt,  account  of  the  clay-eating 
Otomacs  by,  L  54,  55. 

Hunger,  economic  and  social  Influ- 
ences of,  L  1,  8— OS  a  stimulus  to 
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netlvity,  2— and  to  crfma,  t&.— what 
Is  it,  S  -  the  cause  of  it,  4— want  of 
food  the  primary  cause,  6— why  it 
recurs  periodimlly,  &— its  effects,  8 
et  teg. — amoimt  of  waste  fatal,  9 — 
the  sensation  of,  27 — ^what  causes 
the  sensation,  28  et  $eq. — the  seat  of 
it,  81 — ^tlie  systeroic  sensation,  82 — 
kills  by  a  putrid  ferer,  49. 

Hunter,  John,  experiments  by,  on 
hybematinif  animala  and  their  food, 
i.  6 — ^views  of,  on  the  vitality  of  the 
blood,  254 — small  amount  of  sleep 
taken  by,  ii.  367. 

Hutchesou  on  the  classification,  Ac., 
uf  the  senses,  ii.  274. 

Huzard,  testimony  of,  in  favour  of 
horse-flesh,  1.  101. 

Hyaloid  membrane  of  the  eye,  the,  ii. 
827. 

Hybemating  animals,  loss  of  sub- 
stance bv,  during  their  winter  sleep, 
i.  18  —  aci)endence  of,  o»  extemid 
temperature,  418-Hnfluence  of  sea- 
son on,  437. 

HTbemation,  food  not  required  dur- 
ing, i  6 — respiration  during,  897 — 
waste  of  the  tiBsucs  during,  ii.  361 — 
the  sleep  of,  864. 

Hybrids,  peculiiuitles  of  various,  ii 
895. 

H^'drogen,  effect  of  light  on  its  affinity 
with  chlorine,  i.  1 1 1 — ^proportion  ot', 
In  the  blood,  263 — ^why  modoroua, 
ii.  815. 

Hydrophobia,  Laycock  on  the  pheno- 
mena of,  in  oonnecdon  with  reflex 
acQon,  iL  192  «  »eq. 

Ice,  influence  of,  in  allaying  thirst,  L 
40, 110. 

Ices,  baking  of,  in  China,  L  420. 

Iceland,  no  cereals  grown  in,  i.  172. 

Ideas,  influence  of  gtiiding,  with  re- 
gard to  voluntary  actions,  iL  215  ct 
$eq. 

Ideation,  relations  of.  In  the  nervous 
system,  IL  118. 

Ideo-motor  actions,  the,  IL  194. 

Idiosyncrasies,  hereditary  traDamis- 
sion  of,  iL  882. 

Ileum,  the,  L  219. 

Iliac  veins,  the,  destltnto  of  valves,  1. 
307. 

Images,  visual,  not  transmitted  as 
such  to  the  brain,  iL  328  el  $eq.—TQ 
they  formed  on  the  retina?  329. 

Impressions,  current  views  regard- 
ing, and  refutation  ci  these,  iL  69 
et  seq. 

Incxis  or  anvil,  the,  in  the  ear,  ii.  821. 

Indian  Fakcers,  simulated  death 
among  the,  ii.  448. 

Indigestioii,  misery  attendant  on,  i. 
190— <»uaes  of,  282— influeuoe  of,  iu 
dreams,  iL  872. 


ludivldnal  potenoy,  influenoa  ct,  fa 
hereditary  tranmnisuan,  IL  400. 

Infancy,  the  animal  heat  durlrg,  L 
425— necessity  of  warmth  to,  429 — 
great  amount  of  sleep  during,  and 
fto  alleffed  cause,  ii.  856— the  life- 
epoch  of,  487. 

Infant,  the,  peculiarities  ragarding 
feeling  in,  a  210,  211-<;aaiiot  local- 
ise its  sensations,  204. 

Inherited  qualities,  tee  Parents. 

Inorganic  existence,  how  distin- 
guished from  organic,  iL  429. 

food,  what,  L  95— ita  Impcst- 

anoe,  96. 

phenomena,  mystery  and  gran* 


deur  of,  ii.  423'. 

priociples,  necessity  of,  in  food. 


1.  120. 

Bubstonoes,  alimentary  powders 


of,  L  72— are  animals  capable  of  assi- 
milating? 98 — indispenHahle  to  ani- 
mal life,  99. 

Inosite,  composition,  Ac,  oC  L  189. 

Inquiry,  the  right  spirit  of,  il.  88. 

Insanity,  congenital  tendency  to,  IL 
389. 

Insects,  feeding  oC  on  sugar,  L  140— 
animal  heat  of,  418 — the  nervous 
system  of,  iL  45  -^  wg. — sensatiaa, 
&C.,  in  headless,  177— experunents 
on,  179  et  teq. 

Insect  life,  undue  proloogsUoaa  of,  IL 
442. 

Insensible  perspiration,  amount  oC  L 
35. 

Instinct,  uncertainty  attending  the 
use  of  the  term,  and  error  of  con- 
trasting it  with  intelligence,  iL  01. 

Instincts,  alleged  dependence  of,  on 
the  cerebrum,  ii.  105— proof  to  the 
contiury,  108— origin  of,  in  systemie 
sensations,  117. 

Intellect,  relations  of,  to  sensation,  IL 
117— relations  of  the  oerobellum  to^ 
186. 

Intellectual  activity,  effects  of,  oa  ie> 
spiratlon,  I.  898,  899. 

Intelligence,  the  attempt  to  separata 
it  and  instinct,  IL  91— conneetloa 
of,  with  cerebrid  development,  tfr. 
— eupposed  dependence  of^  on  the 
gray  matter  of  the  brain,  OS— im- 
portance of  the  cerebrum  to  It,  100 
el  eeq. — Dalton's  views  of  the  rela- 
tions of  iho  cerebrum  to  it,  109— 
relations  of  siae  of  brain  to,  120. 

Intensity  of  sound,  what,  IL  822. 

Intermittence,  Jnchftt's  Law  of;  in  its 
supposed  application  to  the  animal 
Ufe,  iL  432. 

Intestinal  canal,  length  and  subdivi- 
sions of  the,  I.  219. 

({lands,  the,  i.  2^8. 

—  juico,  action  of  the,  In 
tiOD,LS28. 
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Intestinet,  the,  in^ectlan  of  food  into, 
L  SO— and  of  water,  S4— digestion  in, 
219  et  tea  — their  moTements  an  ex- 
ample or  reflex  action,  iL  57. 

Invertebrata,  no  valvee  In  the  Teine 
of,  i.  307 — the  attempt  to  deny  ia- 
telligenoe  to,  ii.  91  et  m^.— peculiar- 
ity regarding  the  eye  in,  883. 

Involuntary  action,  difllculties  of  die- 
tinguiebing  between,  and  voluntary, 
iL  197— caiiability  of  controlling,  221 
— casee  illustrating  this,  t6.  a  9eq. 
See  also  Voluntary. 
"  nervous  phenomena,  the  ao- 

caUed,  a  166. 

Iris  of  the  eye,  the.  il.  886— cases  of 
pow«r  of  voluutary  contraction  of, 
22L 

Iris  perslca,  how  its  odour  affects  dif- 
ferent penons.  ii.  816. 

Iri«h,  the,  their  diet  a  non-nitrogenous 
one,  i.  84. 

-^-^  peasant,  food  of  the,  contrasted 
with  that  of  the  London  aldannaii, 
L61. 

Iron,  as  an  alimentaiy  principle,  i.  147 
—in  the  blood,  242. 

Itching,  the  sensation  oC  due  to  the 
uervo-filaments  of  the  akin,  ii  289. 

Jacob's  membrane  in  the  eye,  iL  880. 

Jauubovitch,  researches  of,  on  the  ac- 
tion of  saliva  on  starch,  i.  198 — views 
of,  on  the  nerve-cells  of  the  spinal 
cord,  iL  167. 

Jamaica,  clay-eatmg  In,  L  64. 

Java,  day-eating  in,  i.  64. 

Jtriunum,  the,  i.  219. 

Jellies,  nutritive  powers  of,  L  129. 

Jew,  the,  permanency  of  the  peeur 
liariUes  of,  ii.  877.  878. 

Jockeys,  use  of  fish  bv,  L  188. 

Johnston  od  odours,  ii.  814  note. 

Jones,  Dr  Bence,  on  the  importance  of 
salt  to  the  organism,  L  107. 

— -  Wharton,  on  the  blood  disos,  L 
249  note. 

Jouffroy  on  sounds  and  their  influ- 
ences, IL  60. 

Jugular  vein,  injection  of  sugar  into 
the,  L  117. 

Kaxtschatka,  olv^-eating  in,  1.  64. 

Kiuit,  definition  of  life  by,  IL  424. 

Kid,  flesh  ofthe.L  153. 

Kidneys,  the,  water  removed  by,  1.  86 
—as  an  article  of  diet,  150— i>eculia- 
rity  of  the  venous  blood  in,  269— in 
the  fish,  824. 

King,  transflision  of  blood  by,  1.  276. 

Kirby  and  S(«nce,  experiment  on  pro- 
longation of  insect  Ufe  fh>m,  Ii.  412. 

Kltto,  Dr,  on  the  muscular  adjust- 
DMnts  necessary  to  speech,  ii.  '286. 

Klaproth  on  the  effects  of  race  on  liere- 
ditaiy  transmiasiun,  iL  407. 


KGIliker  on  the  blood  discs,  i.  247— 
exi)eriraentB  by,  cm  the  action  of 
the  Woorora  jxiison  on  the  nerves, 
ii.  79— on  the  spinal  cord,  154  ncU, 
156— his  ronde  of  makins;  microsco- 
pic preparations,  270,  271. 

KOnigsbaocn,  use  of  horse-flesh  at,  L 
162. 

Labiatj^  the,  rejected  by  the  ox,  1. 61 

LabiUardi^re,  account  m  day-eating 
by,  L  64. 

Labyrinth  of  the  ear.  the,  Ii.  819,  82L 

LocteaLs,  the,  L  816— their  position, 
&c.,  280,  281,  820. 

Lallomaod,  views  of,  on  the  connoo- 
tion  of  the  cerebrum  and  spinal 
cord,  ii.  110— and  on  the  spinal 
cord,  227. 

Lamb^  difference  between,  and  mui* 
ton,  L  158— time  in  which  digested, 
157. 

Lamproy,  proportion  of  the  brain  to 
the  spinal  card  in  the,  ii.  266. 

Ijandal,  seat  assigned  the  sensorium 
by.  U.  41. 

Landry,  M.,  views  of,  on  voluntaxy  and 
involuntary  actions,  iL  224  note — 
views  of,  regarding  the  spinal  oord, 
281  notet  240  note. 

Large  intestines,  what,  L  210. 

Larrey,  testimony  o(  in  favour  of 
horse-flesh,  L  161. 

Laughing,  sometimes  voluntary,  some- 
times involuntary,  iL  199. 

Lavigne.  M.,  case  of  prolonged  fasting 
recorded  bv,  i.  14. 

Lavousier,  lus  theory  of  respiration,  L 
852. 

lAwes  and  Gilbert,  Messn,  on  liebig's 
classiflcation  of  food,  i.  78— experi- 
ments by,  on  feeding  sheep  on  tur- 
nips, 83--<m  effects  of  temperature 
as  to  feeding  of  animals,  88 — theii 
experiments  on  feeding  of  animals, 
and  results,  94— on  the  necessity  of 
inorganic  substances,  100. 

Laycock,  Dr,  views  ot  on  the  brain  as 
a  centre  of  reflex  action,  IL  191— <m 
the  phenomena  of  hydrophobia  in 
connection  with  it,  192  et  $«q. 

Leblanc,  analysis  of  vitiated  air  by,  L 
856. 

Leech,  effect  of  bite  of,  on  the  blood,  L 
259. 

Leeuwenhoek  on  fish  as  an  article  of 
diety  L  167— on  the  selection  of  diet, 
169— on  the  blood  discs.  244,  247— 
disooveiy  of  the  capillaries  by,  812. 

**  Li^  asleep,"  sensation  of,  how 
caused,  iL  800. 

Legallois,  views  of,  on  respiration,  L 
852— views  of,  on  the  spinal  ccord, 
IL  226. 

Lehmann  on  the  production  of  fibrine, 
i.  127— on  sugar  in  the  egg,  140— on 
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fiflh  aa  an  arUde  of  diet,  168~6xpe- 
rimenta  of,  on  the  action  of  coffee, 
170— on  the  effect  of  water  on  the 
gastric  Juice,  810— on  the  aolvent 
power  of  the  cmatric  Juice,  814 — ana- 
lyais  of  hlood  by,  96S— estimate  of 
quantity  of  the  blood  by,  878— «x- 
periment  by,  regarding  uie  nerrous 
character  of  the  retina,  ii.  831. 

Lejoncourt,  M.,  on  congenital  lon- 
gevity, ii.  8S8. 

Lens  of  the  eye,  the,  ii.  887. 

Lentila,  nitrogen  in,  and  their  nutri- 
tive value,  i.  88. 

Leucha,  diaooveiy  of  the  chemical 
action  of  the  aaUva  by,  1. 196. 

Levy  on  the  non-nutritious  properties 
of  albumen,  Ac.,  L  81. 

LieberkUhn'8  glands,  i.  888. 

liebig,  examination  of  liis  olassiiioa- 
tion  of  food,  1  70  et  ^e;.— <ai  the  uses 
of  water  and  fat  in  the  organism, 
77— error  of  his  view,  78— on  the 
nutritive  value  of  beans,  wheat.  Ac., 
8:?—- on  that  of  rice,  84— on  the  diet- 
ary of  cold  and  warm  climates,  87 — 
on  the  combustible  elements  of  the 
albuminous  substance,  Ac.,  90  el  no. 
•^mtheindiBpensabilityofinosganic 
substance,  101— <lenial  of  the  exist- 
ence of  salt  in  muscle  by,  108— on 
caseins,  126— nutritive  power  denied 
to  sugar  by,  140— on  the  action  .of 
alcohol,  140 — on  the  necessity  of 
iron  to  the  body,  148  note— on  the 
ooolcing  of  meat,  158  et  sej.,  166— on 
the  quantity  of  food  required,  188 — 
on  the  relations  of  respirutiim  and 
animal  heat,  441. 

Life,  inadequacy  of  chemistry  to  ex- 
plain the  problems  of,  L  06— effects 
of  the  interference  of,  with  regiurd 
to  food.  111 — processes  of,  in  tneir 
relation  to  axdmal  heat,  407— coii- 
sciousness  always  the  propeH.y  of, 
ii.  76 — mind  the  peychiod  asi)ect  of, 
844 — ^no  antagonism  between  sleep 
and,  848— duration  of,  influence  of 
hereditary  tendency  on,  887— con- 
trast between  appearance  of,  and 
death,  418 — suspended  animation, 
418 — the  hypothesis  of  a  vital  prin- 
ciple examined,  414  dseq. — ^the  so- 
cialed  vital  force  or  forces,  416  — 
chemical  analysis  adverse  to  the 
doctrine  of  the  latter,  416 — ^its  phe- 
nomena dependent  on  conditions, 
i6.  et  geq.— it  does  not  control  chemi- 
cal affinities,  417 — does  it  precede 
organisation?  419— as  dependent  on 
vital  unity,  481 — ^to  be  regarded  as 
an  ultimate  fact,  422— identical  with 
existence,  488— <lefinition  of  it,  484 
tt  Hq. — that  of  cells,  426  «t  *eq. — ^the 
entire  life  the  aggrefrate  of  the  cell- 
life,  428— its  three  laws,  419— these 


distinguish  the  Uvhiff  4 
the  inorganic  body,  t6.  d  Mf . — vege- 
tal and  animal,  480— Influenoe  of  uie 
external  medium  on  it^  434— error 
in  supposing  it  independent  of  ifals, 
486— Its  duration,  480  — its  four 
epochs,  487— why  does  H  eease,  488 
— ^the  excess  oi  waste  Hie  cause  of 
iU  decline,  441  — death  a  neces- 
sary issue,  448 — determioed  by  its 
changes,  443— death  as  its  terminal 
act,  444. 

Light,  effect  of,  on  chemical  afBnitj, 
£  111— analogy  between,  and  sensa- 
tion, iL  00— sensibility  to,  diahtift 
from  seeing,  826. 

Limbs,  rigimty  td  the,  as  a  a^  of 
death,  iL  449. 

LInneus,  views  of;  on  the  Influeaoo  of 
each  parent  in  pjants,  il  ShOl 

Lfnsee(C  oQ  in,  L  134. 

Lips,  tactile  sensibility  of  the,  IL  897. 

Liquor  sanguinis,  the,  i.  26&— analysia 
of  it,  884. 

Liver,  the,  effects  of  starvaticm  on,  L 
81— formation  of  sugar  by,  1SI>— as 
an  article  of  diet,  169— eeisetion  c^ 
bUe  by,  SSO-its  poaition,  fte.,  83u, 
881,  880-the  capillaries  on  it,  912- 
drculation  in  it,  888. 

Livingstone,  Dr,  on  the  Elaiid,  L  47 
— ^m  the  animal  heat  of  the  Euro- 
pean and  the  negro,  416— case  of 
animal  heat  after  death  from,  444, 

Lbuviation.  effects  of;  on  flesh,  1. 16S. 

Lisards,  elxects  of  removal  of  cerebel- 
lum on,  it  186. 

TiOcaHsing  senastiona^  development  of 
the  power  of,  ii.  893  €t  se?.,  898. 

Loudon  alderman,  food  of  the,  con- 
trasted with  that  of  the  Irish  pea- 
sant, L  6L 

Londonderry  steamer,  tragedy  on 
board  the,  i.  860. 

Longet  on  death  fkxun  hunger  and 
thuvt,  i.  49— experiments  of,  on  the 
effects  of  removal  of  tiie  oere- 
bnim,  11 108— views  of,  on  the  cere- 
bellum, 188 — experiments  on  it,  184 
—on  the  effects  of  disease  in  the 
cerebellum,  189— vfews  of;  on  the 
spinal  oord,  887— on  the  so-called 
olfiKstoiy  nerves,  810. 

Longevi^,  hereditary  tendency  to,  iL 
387  et  «eg.— current  fallacy  rMnsrding, 
438— the  alleged  cases  of,  4^ 

Lower,  transfusion  of  blood  by,  L  875. 

Lucas  on  congenital  longe^ty,  iL  388. 

Ludwig  on  perceived  Mnaatioos,  it  60 
note— on  uie  effects  of  diaeass  in  the 
cerebellum,  129. 

Lungs,  the.  propociicn  of  water  in.  L 
86— position  ot;  830,  894.  896,  S3(h- 
— breathing  by,  860,  308— in  man, 
864  et  MO.— their  capOlaries*  306w 

Lymph,  what,  L  816. 
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I^Tinphatlcfl,  posiUaii  of,  L  280, 8S0— not 
known  to  uazrey,  20S — ^thelr  ilinc- 
tion,  ito.,  SMH-diccovery  of,  816. 

Haoabobo,  oarboDAceoas  chKncter  of, 

L  87. 
]lacention«  prooets  of,  in  digestion,  L 

108 — importance  ol,  aa  ragarda  tiio 

food,  900. 
If'Leod,  Janet,  the  case  of;  L  15  << 

M'^eill,  Sir  J.,  case  of  spectnd  illu- 
aion  reoordod  by,  iL  837. 

Vaonish  on  aleeping  In  churoh,  Ao., 
ii.  86& 

If  agnua,  the  leaearchea  of,  on  arterial 
and  venoua  blood,  L  266. 

Haiie,  albumen  Id,  L  134— gluten  in, 
1S8--OU  in.  184— BUgBT  in,  180. 

ViUendie  on  the  non-nutiitive  quali- 
tiee  of  flbrine,  Ac.,  L  80— on  the 
-white  of  egg,  12^^— experiments  by, 
on  feeding  rabbits,  170— the  blood 
discs  denied  by,  246 — views  of,  on 
the  transf^udon  of  blood,  276— on 
the  so-called  olfactory  nenrea,  iL 
800. 
,  Hale,  the,  the  pulse  In,  L  880— tem- 
perature oC  4H1 

Malleus  or  hammer,  the,  in  the  ear, 
11821. 

Jialpighi,  the  blood  discs  discovered 
by.  i.  iiii  reepiirehee  of,  on  coagu- 
lation of  the  blood,  250— reception 
of  Harvey's  doctrine  by,  810— die- 
covers  the  capillaries,  812. 

Ifammals,  respiraUnr  organs  in,  i. 
802— the  cerebral  aevelopment  of, 
ii.  01— the  oerebellum  in,  128. 

If  an,  time  in  which  death  ensues  from 
fturting  io,  i.  12— variety  of  dietaxy 
of,  161— the  blood  discs  in,  247,  and 
iio<«— respiration  in,  864  et  tea. — ^the 
animal  temperature  of,  415 — its  con- 
stancy, 422 — ^his  power  of  adjustment 
to  season.  436,  487 — ihe  systemio 
consciousness  in,  ii.  76 — avenge 
weight  of  the  brain  in,  07— effects 
of  injury  tu  the  cerebrum  in,  110 — 
proportion  of  the  brain  to  the  spinal 
oora  in,  266— action  of  the  so-odled 
muscular  sense  in,  280. 

Manhood,  the  life-epoch  of,  ii.  437. 

Maniacs,  cause  of  the  sleeplessness 
of,  iL  856. 

Manx  cat,  progeny  of  the,  11.  805. 

Marcet,  M.,  on  the  action  of  the  bUe 
on  fikts.  i.  226. 

Mare,  influence  of,  in  hone-breedini?, 
ii.  801  et  teq. — curious  case  of  n,  in 
oonnection  with  hereditary  truns* 
miasioD,  406. 

Mai^go  on  pulsation  of  the  heart  after 
death,  L  886l 
*    MaroUc  on  hybrids  between  wolf  and 
dog,  IL  400. 


MaiTlage,  the  question  of,  fn  oonneo* 
tion  with  hereditary  taint.  iL  410. 

Marsdi  on  hybrids  between  wolf  and 
dog,  ii.  400. 

Marnns,  M.,  observations  of,  on  animal 
heat,  i.  426— on  the  influence  of  sex 
in  tetiipemtuxe,  431— end  of  food, 
432,  434. 

Martins,  aoeountof  clay-eatfngby,  L  64. 

Mateucci  on  the  heat  oriiiinated  by 
muscular  contraction,  L  442 

Mayer  on  the  blood  discs,  L  247— eeat 
assigned  the  sensorium  by,  ii.  41. 

Mavo,  Dr,  on  the  effects  of  division  of 
the  spinal  cord,  ii.  252— on  sight  and 
muscular  adjustment,  286. 

Meals,  proper  interval  between,  L 
287. 

Meat,  fat  in,  L  184— various  kinds  of. 
as  articles  of  diet,  162  tl  «eQ.— action 
of  cooking  on,  164  d  m;.— digesci' 
bility  of  various  kinds,  167. 

soup,  comparison  between,  and 

bone  soup,  i.  132. 

Mechanical  prooet»,  the,  in  digestion, 
L108. 

^—  stimuli,  sensation  of  taate  ex- 
cited by,  iL  802. 

Mechanism,  analogies  between  the 
animal  oiguiism  and  a,  iL  160  c( 

MO. 

Medulla  Oblongata,  position  of  the,  ii. 
88,  SO— olivary  bocuea  of,  00— weight 
of,  in  man,  07— ftinctions  of  the,  137 
—its  relations  to  the  spinal  cord,  138 
-^ts  structure,  Ac.,  ib. — views  on  it, 
140 — a  centre  of  sensation,  141 — ^the 
centre  of  the  nerves  of  leepiration, 
146  —  why  its  destruction  causes 
death,  t6. — ^the  supposed  vital  point 
in,  t6.— effect  of  irritation  of  it  on 
the  heart,  147— reason  why  its  rs- 
movid  affects  voluntuiy  movement, 
1>6— its  essontial  identity  of  struc- 
ture with  the  spinal  cord,  233. 

Medusa,  shipwreck  of  the,  the  dreams 
of  the  sufferers,  ii.  372. 

Meissner,  the  tactile  corpuscles  <tf,  iL 
202<<N0. 

Memory,  mfluence  of  pressure  on  the 
cerebrum  ou,  iL  103,  106,  107. 

Men,  respiration  in,  compared  with 
women,  L  870. 

Mental  phenomena,  grouping  of,  in 
relation  to  the  nervous  system,  ii. 
116  et  M2. 

Mesenteric  gansrlio,  the,  1.  280,  820. 

Mialhe,  researches  of,  on  the  action  of 
the  adiva  on  starch,  L  107. 

MicroAcoxw,  value  of,  in  physiological 
investigations,  11. 173. 

Microscopic  {jreparations,  best  modes 
of,  ii.  270. 

Milk,  on,  as  a  standard  of  food,  L  113 

'  —analysis  of  it,  119 — caseins  in,  l:i& 
—fat  in  various  kinds  oi;  135. 


472 


INDSZ. 


Milne-Edwards  on  the  Titality  of  the 
blood,  i.  255. 

Hind,  the,  the  brain  not  excIuslTely 
itfl  organ,  IL  4 — ^what  it  includes,  5 
— the  jpaycbical  aspect  of  life,  544. 

Mineral  substances,  proportion  of,  in 
the  body,  and  theur  importance,  L 
99. 

Mitchell,  James,  keenness  of  the  sense 
of  smell  in,  ii.  810. 

Moisture,  presence  of,  neoessaxy  to 
taste,  ii.  S05 

Molecular  death,  what,  and  its  con- 
sttincy,  ii.  445. 

Moleschott  on  Mulder's  discovery  re- 
ffardinff  albumen,  i.  114— on  the 
formauon  of  albumen  within  the 
orgauism,  183 — on  the  action  of 
alcohol,  140— on  the  colourless  oor^ 
pusdes  of  the  blood,  253. 

Moli^re,  reception  of  Haryey's  doc- 
trine by,  i.  810. 

Mollusca,  absence  of  coa^nilation  in 
blood  of,  L  850— respimtory  organs 
in,  S02--nervous  system  of,  com- 
pared  with  that  of  the  insect  il.  95 
— ^limited  aensibili^  of,  277. 

Monotony,  tendency  o^  to'  InduOe 
sleep,  u.  S55. 

Moreau,  M.,  on  hereditary  insanity, 
ii.  889. 

Moigagni,  cases  of  nnnooagulable 
blood  reported  by,  i.  258. 

Mother,  on  the  relative  influenoe  of^ 
upon  the  offspring,  ii.  890  el  Mtq.-— 
the  assertion  that  genius  is  derived 
from,  401. 

Motion  as  a  source  of  waste  in  the 
animal  body,  i.  10. 

Motor  function,  proof  of,  in  the 
terior  nerves,  IL  88. 

—— —  nerves,  are  there  such  as  dis- 
tinguished from  sezuory,  ii.  25— 
what,  36— proved  to  be  also  sen- 
sory, 85. 

Mouse,  proportion  of  the  brain  to  the 
spinal  cord  in,  il.  200. 

Mouth,  the,  what  takes  place  to  the 
food  in,  i.  194 — ^its  membrane  held 
by  Valentin  to  be  the  oigan  of  taste, 
Ii.  801. 

Mulder,  the  discovery  of,  retarding 
albumen,  L  113— on  the  nutritive 
power  of  gelatine,  129 — on  the  assi- 
milation of  gelatine,  133. 

Mule,  the»  as  influenced  by  the  ftither 
and  the  mother,  ii.  390,  892,  899. 

MUller  on  sensation  and  attention,  Ii. 
50  —  on  the  experiments,  Ac.,  of 
Flourons,  112  —  views  o(^  on- the 
moilulla  oblongata,  14&~share  of, 
in  the  reflex  theory,  100— on  reflex 
action  in  connection  with  sensation, 
175— on  voluntary  motions,  200— on 
volition,  208— views  of,  as  to  the> 
ozgan  of  taster  801— on  after-taste 


of  sweet  flag,  SOB— <«  exeUaHan  of 
taste  throu^  the  blood,  306— <m  the 
effect  of  certain  sounds,  SSI— ou  the 
restorative  power  of  sleep,  301. 

Mummy  wheiSb,  the  gorminatinn  of,  iL 
413. 

Muscle,  proportion  of  fat  in,  L  76— ^Kf- 
f erent  views  of  the  chemist  and  the 
anatomist  on,  77 — all  its  constituents 
essential  to.  ifr. — salt  present  ia,  lOi 
—the  nerves  which  move^  ftc,  iL 
34. 

Muscles,  the,  effects  of  starvation  an, 
i.  22— action  ot  different  poiflona  on, 
ii.  80 — sensations  derived  through^ 
846— activity  of,  during  sleep,  S49. 

Muscle-nerves,  what,  ii  Sfr— proot  of 
sensory  as  well  as  motor  action  of, 
85— action  of  the  Woorara  poison  on, 
79. 

Muscovy  duck,  peonliarity  in  hyhrida 
of  the,  ii.  895. 

Muscular  adjustment,  rdatfons  of 
sight  to,  ii.  280. 

contraction,  heat  orlgfaiated  bv, 

i.  442. 

■  co-ordination,  is  the  oerebdiain 

the  seat  of.  ii.  1S4  tf  $eq. 

exertion,  influence  of,  on  per- 
spiration, i.  419. 

fibre,  contractility  the  property 
of,  ii.  24. 

movements,  relations  of  the 

oerebollum  to,  U.  120. 

—^—  sense,  the,  nerves  oonneeted 
with,  ii.  85  —  aensatioDS  derived 
through,  07— when  these  become 
perceived,  ib. — the  so-called,  279, 
280  tt  M}.— 'Various  views  regarding 
it,  282— experiments  illustnuing  it^ 
iA.  tiuq. 

Sjrstem,   analogy  drawn    be- 


tween, and  the  nervous,  f  L  195. 
Musculine  or  synconin,  what,  L  1S4, 

257. 
Music,  nature  of  the  eflbct  o(  iL  S22 

«t  seq. 
Musical  ear,  the,  how  distingidsfaed 

from  the  unmusical,  iL  S22. 

note,  definition  of  a,  ii  S?2. 

Musk,  how  it  affects  the  sense   of 


smell,  iL  314— offensive  to  some,  815. 
Mutton,  case  in  which  poisonous,  i. 
00— diffnrence  between,  and  hunb, 
158— time  In  wliich- digested,  167, 
158. 

Napolbow,  command  over  sleep  pos- 

vessed  by,  ii.  354. 
Narcotics,  physiological  actian  of,  L 

177 — efiRscts  of,  on  respiration,  37U 
Narwhal,  tempoirature  of  the,  L  409. 
Nosse  on  the  blood  discs.  L  849  imT^* 

views  of,  on  the  spinal  cord,  iL 

229. 
Natural  death,  what,  iL  449,  AM. 
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Nature,  balftDoe  oi^  m  rejjarctecarbouie 
add  and  oxygon^  i.  S9A. 

Navy,  dietary  in  the,  1.  188. 

Negra,  the  animal  heat  of  the,  L  416-* 
constancy  of  breed  in  the,  ii.  878. 

Negroes,  clay-eiUlng  among  the,  i.  M. 

Nervee,  the,  actiTity  of  change  in,  L 
S79-HW  part  of  the  nervous  system, 
iL  (^— the  oomparison  of  them  to 
telej^raphic  wirbfl,  14 — are  they  <)on« 
ductors.  and  of  what,  ib.  tt  mj.— 
proof  they  are  poosessed  of  foroe 
apart  from  their  centres,  16 — dis- 
tlncti<«  between  the  ftmction  and 
property  of,  81 — ^the  distinction  be- 
tween sensory  and  motor,  U>.,  25  d 
M}.— distribution  of  their  roots  on 
the  spinal  cord,  83 — causes  of  their 

.  differences  of  action,  ib.  tt  M9.— pain 
the  result  of  direct  stimulus  to,  84 
-effect  of  dividing  the  posterior,  85 
— ^the  anterior  in  relation  to  muscu- 
lar sensibility,  87 — the  special  sen- 
sibilitiea  ol^  i5.  et  ieq. — ^the  motor 
function  of  the  posterior,  88— poste- 
rior and  anterior,  both  at  once 
sensory  and  motor,  8$^more  strictly 
distinguished  into  muscle  and  skin 
nerves,  ib. — and  nerve-centres,  geoe- 
nl  statement  of  propositions  r^wrd- 
ing,  81,  62 — their  ueuriiity  excited 
by  electric  disturbance,  ibS. 

Nerve-cells,  what,  iL  9,  10— of  the 
spinal  cord,  150. 

—  centres,  property  and  f  unctiona 
of,  how  determined,  ii.  82 — ^micro- 
soopic  preparations  of,  870— sensa- 
tions the  activity  of  the,  276. 

fibres,  description,  Ac,  of,  ii  9, 


10, 11 — ^ueuriiity  as  the  propotty  of, 

9,  24— sensibility  stimdated  in  tlie 

nerve-centres  by,  24. 
•  filaments  of  the  skin,  their  sen- 

sitiveneas,  ii.  880 — varying  degfreee 

of  this,  and  these  not  aependent  on 

their  numbcdr,  t90, 

forte,  nature  of  the,  ii.  7, 18. 

tissue,  composition  of,  it  9— 

water  in,  il  86— similarity  of,  in  hU 

animals,  ii.  44. 
Nervous  centres,  the  influence  of^  oa 

each  other,  U.  146, 147. 
— ^—  diseases,  oougenitid  tendeney 

to,  U.  889. 
fluid,  the,  the  old  hypothesis 

of,iL8. 
■  phenomena,   Marshall    Hall's 

dasaification  of,  il.  165. 

sensibility,  analogy  between. 


and  muscular  contractility,  il.  78. 
— —  substance,   rosistauoe    o^   to 


starvation,  i.  vl. 
—  system,  the,  effects  of  thirst  on, 
i.  40  note  influence  of,  on  diges- 
tion, 888— study  of  it  a  physiolegitaa 
problem,  it  8— it  oil  imj^cated  in 


sensation,  tc,  4— its  struotore,  9— 
in  different  classes  of  animals,  44  et 
sea. — the  theory  of  reflex  action  exa- 
mined. 165  «t  MD.— analogy  between, 
and  the  muscular,  105 — ^general  con- 
nection amon^  its  centr^  203. 

Ncurility,  defiuition  of,  ii.  8,  18— the 
property  of  nerve-fibre,  24 — ^the  com- 
mon propertv  of  all  nerves,  81— 
proof  of  excitement  of,  by  eloctrio 
disturbance,  288. 

Now  Caledonia,  day-eating  in,  i.  54. 

New  Zealanders.  the,  fish-eaters,  L  160. 

Night,  effects  of,  on  respiration,  1.  SOS. 

Nitix>gen,  proportioa  of,  not  the  mea- 
sure of  nutritive  value,  i.  82-^feeblo 
affinity  of,  for  oxvgen,  91— compa- 
rison of  flesh  and  flsh  as  regards, 
169— proportion  of,  in  the  blood,  262 
— and  in  air,  353. 

Nitrogenous  foods,  Liebig's,  L  71. 

matter,  small  proportion  of,  in 

milk,  L  110. 

substances,  true  relations  of,  to 

the  body,  i.  74 — Liebig  on  them,  79 
— their  prdportion  in  the  body,  80. 

Noble,  Dr,  views  of,  on  the  cerebellum, 
il.  186  no(»— on  the  optic  thalami, 
toe  187  not€. 

Nooud  Vital  of  Floiurens,  the.  it  145. 

Non-nitro^renous  bodies,  disp)-oof  of 
their  bemg  merely  h«at  making,  i. 
86 — Liebig's,  71— true  relations  of,  to 
the  body,  74. 

Nose,  the,  its  tactOe  sensibility,  iL 
897— as  the  medium  of  smell,  ii  £06. 

Nucleus,  the,  in  the  blood-discs,  i 
247  €t  Mg.— and  nudeolus  of  the  cell, 
ii.  427. 

Nutrition  In  plants  and  animals,  fal- 
lacy rogar>ling,  i.  97— oxygen  the 
agent  of,  in  toe  blood,  281  d  seg.— 
relations  of  blood  to,  284  «<  mq.— exa- 
mination of  the  hypothesis  that  it 
goes  on  chiefly  during  sleep,  it.  858 
tt  M9.— the  law  o£,  as  oue  of  the  laws 
of  life.  429. 

Nutritive  material,  quantity  of,  car- 
ried by  the  blood,  i  241. 

■■  '  value,  influence  of  the  organism 
on,  i  179. 

Oats,  albumen  in,  i  184— gluten  in, 

138. 
Oatmeal,  sugar  in,  i  138. 
Observation,  disiincticin  between,  and 

sciuntiflc  explaimtioii,  i  198. 
Odisenhausen,  sale  of  horse-flesh  at, 

i  162. 
Oculur  spectra,  cases  and  theonr  of, 

ii.  B36tt»eq, 
Odours,  different  estimates  formed  ot 

iiS15.    iSecSmeli 
(Ednpliaous.  the,  its  action   on  the 

food,  1.  802— its  position,  60.,  %M, 
,  S81,82<>. 
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Oil,  eoDflumpUon  of,  in  Sicily,  Ac.,  L 

87. 
Oils  and  fats,  neoanltT  of.  In  food,  L 

120— different  digestlliUitiM  of,  135. 
Oily  flshcB,  the,  L  IM. 

seeds,  albumen  in,  i.  124. 

Old  age,  amount  of  sleep  x«quired 

during,  IL  358— the  life-epoch  of,  iL 

438  — pecuUiMities    attending.    440 

et$eq. 
Olfactorius,  the,  iL  800— not  a  nerve, 

807. 
OUaotory  (ranglion,  the,  iL  90. 
■  nerves,  the  so-called,  iL  806 — 

doubts  as  to  their  being  so,  808  H 

teq. — case  in  which  the  sense  of  smell 

was  possessed  in  their  absence,  811 

H9tq. 
Olivary  body  of  medulla  oblongata, 

the,  ii.  00,  138,  189. 
Olives,  effects  of,  on  flavoor  of  wines, 

iL  806. 
Oliv^  seeds,  oil  bi,  L  134. 
Onddium,  respiratory  organs  In  the^ 

L862. 
Optic  nerve,  the,  ii.  188 — Its  spedsl 

sensibility,  87— the  effect  of  {Mres- 

sure  or  iirltation  on  it,  825. 
^— —  thalami,  the,  by  some  included 

in  the  brain,  IL  IK) — functions  o^ 

187. 
Orator,  effeet  of  the  tones  of  the,  IL 

823. 
Organs,  made  up  of  tissues,  L  4— life 

of.  after  death,  IL  44(i. 
Organic   or  vogatative  life,  Bichit's 

classification  of,  ii.  430. 
—  principles,  necessary  in  the 

soil  to  plants,  i.  07. 
— —  sensations,  what,  il.  279  af.  »eq. 
•  sensibility,  the  so-called,  ii.  72. 

substances,  chemical  analysis 


of.  adverse  to  the  doctziueof  a  vital 
force,  ii.  410. 

-  unity,  death  the  destruction  of 


the,  IL  444. 

Organisation,  proof  that  it  is  Inherited, 
ii.  877  et  »eq. — ^transmission  of  pecu- 
liarities of,  882— examination  of  the 
question  as  to  whether  life  precedes 
it,  419— definition  of  it,  and  of  the 
relations  between  it  and  life,  420. 

Organism,  the,  constancy  of  waste  and 
repair  in,  1.  4 — necessity  of  the 
food  being  adapted  to  it,  61  c£  $eq. — ^its 
influence  on  tbe  food  received,  63 — 
inoiganic  substances  indispensable 
to  it,  95  el  ««9.— uses,  &&,  of  water  in 
It,  102 — ^influence  of  relation  to,  on 
nutritive  value  of  food,  179— the  in- 
tervention of,  as  regards  respiration, 
879 — ^its  power  of  adjusting  itself  to 
the  seasons,  436 — ^regarded  as  a  vital 
mechanism,  ii.  160  et  Mq.— develop- 
ment of  mnsibi'ity  with  its  increas- 
ing complexity,  277— the  repair  of 


it  a  contiBDOiia  process,  399, 

its  death,  as  difttlngniahed  fnm  tht 

of  the  parts,  445. 

Orton,  Mr,  views  ef,  on  tbe  relaitiTe 
influence  of  each  parent,  iL  890^  89S 
etteq. 

OsnuuBome,  what,  L  US— want  of,  in 
flsb,  168. 

Otoroacs,  day-eating  among  the,  L  M. 

Ow^aonikow,  views  of,  oo  the  spinal 
oord,  ii.  232,  note. 

Ox,  the,  plants  rejected  by,  L  62— 4ta 
flesh,  153. 

Ox-blood,  diemieal  tfumpuelUon  ef,  L 
26S. 

Ox-head  bones,  fat  f  n,  L  185. 

Ox-liver,  albumen  in,  L  ISS— fiHl  In, 
134. 

Oxidation  within  tbe  body,  liebig'a 
views  of,  L  78— theory  of  resptrsKon 
being  a  process  oC  889 — ^taitenal.  the 
alleged  cause  of  animal  heat,  440. 

Oxygen,  proportion  o4^  in  the  blood, 
L  262— its  proportieii  in  venous  and 
arterial  blood,  966— Ite  origin,  287— 
absorption  of,  by  the  blood-cdla.  SSI 
—Its  timctiou  in  the  blood,  t6.  et  seg. 
—proportion  of  in  air,  858 — ^the  sb- 
aoiption  of.  by  the  blood  tbe  office 
of  respiration,  856.  359 — neeesaaiy 
to  development,  860— elfects  of,  on 
the  sepanted  laH  of  the  tad|iole, 
861 — absori>tion  of,  in  reeptratioo, 
868— ita  state  in  the  blood,  871— re- 
lative proportion  oC  necessary  to  i»- 
Siration,  881, 882— bow  returned  to 
e  atmosphere,  883  el  sag.— wiHttlofiS 
of,  to  odorous  gases,  iL  914. 

Oyster,  the,  as  an  articlo  nl  diet,  L 
167. 

Paobt,  Mr,  on  the  nutritive  relatlonB 
of  the  blood,  L  286. 

Pain,  the  reatUt  of  direct  sthnnlna  to 
the  nerrea,  IL  84— the  sensation  ot 
142,  291— influenoe  of,  on  the  action 
of  the  heart,  148. 

Palate,  the,  shewn  not  to  be  the  or- 
gan of  taste,  ii.  iiOl. 

Fulas  on  hybrids  between  wolf  and 
dog.  iL  400. 

Pancroaa,  function  of  the,  L  896— its 
position,  280,  820. 

Pancreatic  juice,  action  of  the,  L  SSL 

PapilbB,  the,  L  35. 

Papin,  process  of,  for  extracting  gel*- 
une  from  bones,  L  130. 

Parents,  caution  to,  regarding  diet  of 
childran,  L  61— qualities  inherited 
from,  ii.  375— contradictory  viewe  on 
the  subject,  ib.  et  #07.— those  of  Mr 
Buckle  examined,  876— permanency 
of  breed,  877  et  Mf.^^xmstancy  in 
transmiraion  of  general,  and  varia- 
tions in  that  of  individual,  peculiari- 
ties, 878— divcnitiea  of  chaimcter  m 
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famiUet^  STS^Inheritanoeofpaculia- 
ritiea,  8S0— ^raBsmissionofacoidant- 
Aldefects,  Ac,  881— theoiy  regarding 
this,  882— tnuiBmiasicai  of  aoquirea 
habite,  888— pomlbla  oounterHOtiug 
Influence  of  one  parent,  ib.  tt  »eq. — 
tnmnnisaiion  of  vioes,  ;>8ft— of  lon- 
gevity, 887— of  tendimcy  to  inean- 
itj,  880— on  the  reepective  influence 
of  each,  890  a  teq. — ^traasmiaslon  of 
defonnitiea,  400  —  the  children  of 
great  men,  401  et  $eq. — ^both  parents 
represeuted  in  the  children,  408 — 
a  priori  deductions,  tfr.  tt  mq. — per- 
turbing causes,  404— atavism,  4uy— 
indiviaual  potency,  406 — ^influence 
of  race,  407 — ^results  of  difference  of 
age,  vigour,  Ac,  in  the  parents,  408 
—general  summary  on  the  subject, 
ib.  d  Mg.— mairiage  In  connection 
with  hereditary  taint,  410. 

Paris,  Dr,  on  jtastnr,  i.  ITO. 

Farisot,  M.,  case  ox  prolonged  &sting 
reported  by,  i.  14. 

Parotid  gland,  position,  Ac.,  of,i.  230, 
881,  820— and  secretion,  )06. 

Pairy,  Captafai,  on  the  gluttony  of  the 
Esquimaux,  i.  186. 

Parts,  death  of  the,  IL  445— before 
aotusl  death,  447. 

Fastiy,  as  an  article  of  diet,  i.  170. 

Patin,  Guy,  opposition  of^  to  Harvey, 
LSIO. 

Paton,  Dr,  views  of,  on  the  spinal 
cord,  IL  831  note. 

Pojcton,  Dr,  volunUuy  oonlzaotion  of 
the  iris  bv,  U.  821. 

Payen,  aoalyais  of  rice  by,  i.  84— ex- 
periments by,  on  feeding  with  Uood, 
118. 

Peach,  sugar  in,  1. 180. 

Pears,  sugar  in,  L  ISO. 

Peas,  nitrogen  in,  and  their  nutritive 
value,  i.  82— gluten  in,  128— sugar 
in,  ISO. 

Pecquet,  dlsoovery  of,  regarding  the 
Isnnphatica,  i.  817. 

Peoquet's  reservoir,  position,  Ac,  of, 
i.  SSO,  281,  S2U. 

Peculiarities,  hereditaiy  transmission 
of,  11  886. 

Pepsin,  preitent  in  the  gastric  Juice, 
L  2vfr— eflbcts  of  heat  on,  210. 

Peptones,  what,  1.  206— conversion  of 
tne  albuminous  sub«tanceM  into,  12tf . 

Peptone -albumen,  properties  of,  L 
3U9. 

Perception,  distinction  between,  and 
sensation,  U.  58 — ^illustration  of  its 
relations  to  the  latter,  54— can  sen- 
sation exist  without,  61  — impor- 
tance of  the  distiDction  between  it 
and  sensation,  60  et  m^.— oriirin  of, 
in  sense-sensations,  117 — ^the  blend- 
ing of  thought  with,  843 — gradual 
lou  of  power  of,  in  bleep,  851. 


Pereira,  propQitlon  of  gluten  in  grain, 
Ac.,  fVum,  L  128— on  the  influence  of 
fats  on  formation  of  bile.  186— on 
the  alleged  eflfects  of  fliih  as  regards 
proliflcness,  168— Ubles  of  dietaries 
from,  187. 

Peraos,  experiments  ot,  on  feeding 
geese,  i.  03. 

Perspiration,  moisture  thrown  off  in, 
L  34— Apparatus  for,  418— its  influ- 
ence, Ac,  410  et  9tq. 

PersTdriug,  case  of  voluntaiy  power  ofL 
IL  822. 

Peru,  clay-eating  in,  i.  54. 

Peruvian  Indians,  keenness  of  sense 
of  smell  in,  iL  817. 

Pesseraia,  the,  a  fish-eating  race,  L 
169. 

Peters,  Dr,  cases  of  non-ooagulablo 
blood  reported  by,  i.  858. 

Peyer'a  glands,  i.  888. 

Pfltlger,  £.,  views  of,  on  the  spinal 
oordL  ii.  280— on  choice  in  sleeping 
ohiloren,  841— experimeuts  on  de- 
capitated frog  as  itlustiuting  choice, 
845. 

Philip.  Dr  W.,  views,  Ac,  of,  on  the 
spinal  cord,  ii.  287. 

Phosphate  of  lime,  proportion,  Ac , 
of,  in  the  liody,  i,  90— pri'portion  ot, 
in  milk,  110. 

Phosphates,  Liebig  on  the,  i.  82. 

Phosphorus,  efiects  of  combination 
witn  nitrogen  on,  L  01— as  an  ali- 
montacy  piriuciple,  148. 

Phrenology,  anatomical  difficulties  at- 
tending, U.  115. 

Physical  lavrs  inadequate  to  explain 
chemical  phenomena,  i.  66. 

Physiological  laws»  distinction  be- 
tween, and  chemical,  i.  69. 

Physiologista,  error  of,  regarding  "un- 
conscious sensibility,"  U.  65. 

Physiology,  true  relations  of  chem- 
istry to,  i.  66— relatioiis  ot,  to  psych- 
ology, IL  2.— importance  of  a  know- 
ledge of,  452. 

Pichegru,  alleged  small  amount  of 
sleep  taken  by,  ii  857. 

Pig,  time  in  which  digested,  1. 157. 

Pigeon,  muscle  of,  albumen  in,  i.  128 
— proportion'  of  the  brain  to  the 
spinal  cord  in,  iL  366. 

Pigeons,  effects  of  removal  of  the  cere- 
brum ou,  ii.  105,  108. 

"  Pius  and  Needles,"  sensation  o^  how 
caused,  iL  800. 

Pitch  of  sound,  what,  ii.  828. 

Plants,  nutrition  in,  fallacy  regarding 
it,  i.  t*7— cause  of  motion  of  sap  in,  830 
— ^influence  of  respiration  of,  on  atr, 
864 — ^influence  oA  ou  the  atmosphere, 
894 — development  of  heat  in,  412, 
413— the  so-called  sleep  of,  it  847— 
influence  of  each  parent  in,  890 — 
the  potency  of  laoe  shewn  in,  4u7^ 
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▼«»ff<etal  life  in,  common  to  tbem  ftnd 

animalii,  430. 
Plantain,  the,  productlTeoese  o(  i.  171. 
PUsma  of  the  blood,  the,  i.  255. 
Plastic  or  tissue  makiDg  foods,  lieUg's 

classification  of.  i.  71. 
Plateau  on  the  duration  of  impresslona 

on  the  eye.  ii.  SS8. 
Plongeau,  M..  case  of  prolonged  fast* 

ing  reported  by,  L  14. 
Pneumogastric  neryea,  influence  o^ 

on  the  heart,  ii.  147. 
Pointer,  the,  why  it  hunts  with  its 

nose  to  the  ground,  ii.  917. 
Poisons,  different  actions  of,  as  regards 

the  neryes,  ii,  79. 
Poisoning,  alleged  relations  of  taste  in 

the  lower  animals  to,  ii.  304. 
Poisonous  plants,  eaten  by  animals,  L 

tfS. 
Polar  regions,  alleged  greater  oon< 

sumption  of  heat-produdng  food  in, 

1.87. 
Polype,  Inflwenoe  of  light  on  the,  U. 

825. 
Pommer,  the  experiments  of,  on  star- 
vation, L  11. 
Pons  Varolii,  the,  tn  the  brain,  ii.  89, 

138— ganglion  of;  OO—rulative  wei^t 

of,  in  man,  07. 
Porcupine,  the,  its  power  of  abstinence 

from  water,  L  48 — quills  of,  how 

raised,  ii.  39. 
Pork,  time  in  which  digested,  i.  157, 

158. 
Portal,  case  of  abuse  of  vinegar  from, 

i.  149. 
Portal  vein,  the,  i.  230,  821V— Ix^ection 

of  sugar,  Ac,  into  it,  117 — destitute 

of  valves,  807— in  the  fish,  824. 
Posterior  nerves,  motor  hmcUon  of 

the,  iL  84— proof  of  this,  88 
Potatoes,  gluten  in,  i.  128. 
Potter.  Mr,  illustration  of  sensation 

imder  chloroform  by,  it  64. 
Pressure,  the  sensation  of,  iL  291. 
Priestley,  the  discoveries  of,  regarding 

air,  L  85  ;i — ^the  experiments  of,  on 

combustion  and  respiration,  890. 
ProchiMka,  views  of,  on  the  sensorium, 

U.  42 — his  views  as  to  re(lex  action, 

16«,  167,  191— and  on  the  spiual 

cord,  226. 
Property,   distinction  between,  and 

function,  iL  20  «t  nen- — ^illustration 

of  the  reUtions  of  ftmct'on  to^  98. 
Protein  bodies,  the  so-cnllod,  L  126. 
Proteus,  power  of  abstinence  of  the, 

L  12— its  blood  discs.  246. 
Proiit,  Dr,  cai*e  of  mutton  beinar  poi- 
sonous, given  by,  L  60— on  mUk  as 

a  standard  of  food,  118. 
Prus8ic  acid,  effects  of,  on  the  blood, 

LS86. 
Psychology,  relations  of.  to  physio- 
logy, ii  :t— dufiiiition  of  it,  ift. 


PufT-paste,  IndigMtlble,  L  ITOl 
Pulmonary  artery,  the^  L  230, 

and  veins,  L  293,  294.  295. 

l<>bulea,  the,  in  mao^.  864. 

Pulse,  use  of,  among  the  Hindoo*,  L 

85— instifficiency  cc,  eaten  alone,  •&. 
the,   average  of;  at  dilEBiait 


af;es,  i.  S8(^— cause  of  it,  831. 
Pupil  of  the  eye,  the,  ii.  826. 
Ptitrefikction,  action  of  the  gastric  Juice 

in   arresting,  L  210— aa  a  si^  of 

death,  iL  451. 

QtJADRtJMAKA,  the  blood  discs  in,  L 

247. 
Quadrupeds,  the  blood  discs  In,  L  244, 

^46. 
Qualitative  and  quantitative,  distine- 

tion  between,  in  connection  with 

physiological  and  chemical  laws,  L 

69. 
Qualitiee,  the  hereditair  transmiasloo 

of,  ii.  875  <C  MO.    Rf  Faranta. 
Quality  of  sound,  what,  iL  322. 

Babbttb,  experiments  on  feeding  of, 
L  179. 

Race,  influence  of,  on  transmisrion  of 
quaUties,  Ii.  407. 

R6aumur,  experiments  by,  on  disea- 
tinn,  i.  204— experiments  oC  on  pn^ 
longation  of  infant  life,  ii.  442. 

Rectum,  the.  L  219. 

Redford,  Mr,  case  of  animal  heat  after 
death  fh>m,  L  444. 

BedL  experiments  by,  on  death  of 
birds  by  starvation.  L  19. 

Reflex  action  and  f«^ing.  illustntiona 
of,  ii.  56  e<  «e9  —action,  what,  159— 
the  theory  of  it,  and  examination  of 
this,  165  €t  JM.— its  error  in  assum- 
ing these  actions  to  be  Indepmdent 
of  sensations  167  —  the  views  of 
Prochaska,  tft.  <<  mo.— those  of  Mr 
Ondnger,  172— destitute  of  anato- 
mioObasis,  174— Muller  on  it,  17^— 
is  sensation  present  in,  t5.— aign- 
raents  against  theory  from  sensation 
in  headless  animals,  176  «(  mv.— ol^ 
■ervation  of  Hall  on  headless  turtle, 
180— refutation  of  his  condusioos. 
181— observations  in  support  tsi  it 
<m  division  of  spfnsl  cord,  and  cri- 
tidmns  on  these,  186  <e  scg. — ^In  the 
brain,  191  *t  nq. — phenomena  of 
hydrophobia  in  connection  with  it, 
192  H  fe;.— reference  of  the  move- 
ments, Ac.,  of  deoqiitated  animals 
to,  234. 

fibres,  Mr  Qrainger's  supposed, 

ii.  178— SchroBder  van  der  Kolk'i^ 
ib, 

and  reflected  impieasloni,  the 


current  views  regardinsr,  IL  44. 

nervous  phenomena*  the  •»> 
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B«6ez  themy,  the  modem,  U.  41^ 
how  the  sinnal  cord  Is  regarded  by, 
SS6,  228— epoutonelty  in  cboipitated 
Auimals  denied  by  its  supportera, 
889.    Stt  also  Reflex  action. 

Begnault,  experiments  by,  on  respi- 
ration, L  881  —  on  the  chemical 
theory  of  animal  heat,  442. 

Bemak  on  the  ganglionic  system  of 
the  heart,  i.  838— on  its  pulsation 
after  death,  888. 

Renal  Teins,  the,  destitute  of  Talres, 
L807. 

Benault,  M.,  experiment  by,  on  horse* 
flesh,  L  108. 

Bapair,  constancy  t4,  in  the  organism, 
L  4 — ^Its  inequali^  with  waste  the 
cause  of  the  decline  of  life,  IL  441. 

Reptiles,  the  blood  discs  in,  L  248— 
no  valves  in  the  veins  of,  807— re- 
spiratory organs  in,  862 — the  cere- 
bral development  oi  11.  91 — ^relutive 
weight  of  braiu  and  sphial  cord  in, 
97. 

Reproduction,  the  different  forms  of, 
iL  408— the  law  of,  as  one  of  the 
laws  of  life.  429. 

Respiration,  the  air  breathed,  L  858 — 
the  breathing  mechanism,  855— de- 
finition of  it,  ib.  ft  »eq. — ^variety  of 
oraans  for,  861— illustrated  firom  the 
triton,  863  et  nq. — in  man,  864  H 
tea. — effects  of  tight-ladng  on,  867 — 
altemtion  of  the  air  in  it,  868 — ne- 
cessity of  ventilation  to,  872 — experi- 
ments shewing  this,  874  et  mq. — it  a 
vital  problem,  877— theories  of,  exar 
mined,  b89  et  uq.  —varieties  in  ani- 
mals as  regards.  897— effects  of  sleep, 
398— of  temperature,  400 — alleged 
dependence  of  animal  heat  on,  440 
«t  «eg. — relation  between  them,  446 
—the  medulla  oblongata  the  centre 
for  the  nerves  of,  ii.  146^function 
of,  continuous,  488— cessation  of,  as 
a  sign  of  death,  450. 

RespiTHtory  foods,  Liebig's  oUissific»- 
tion  of,  i.  72. 

—  nervous  phenomena,  the  so* 
called.  iL  165. 

sense.  Bain  on  a,  iL  279. 


Reto  mucosum,  the,  i.  35. 

Retina,  the,  proportion  of  water  In, 
L  86— as  the  medium  of  sight,  ii. 
825— its  position,  Ac.,  826— the  for- 
mation of  images  on  it,  and  relations 
of  this  to  sight,  828  et  ##9.— examina- 
tion of  its  structure,  and  proof  that 
it  is  not  on  it  imasres  are  formed, 
830— is  it  nervous,  881 — ^transparent 
during  life,  882— it  insenslblo  to 
light,  882. 

Rhinoceros,  the  block  and  white,  dif* 
ferent  fixxi  required  by.  i.  62. 

Rico,  analysis  of,  1.  84 — ^its  pocuUari* 
tifl«  as  an  aliment,  80— albumen  in, 


184— gluten  fai,  188— sogar  in,  189— 

productiveness  of,  171. 
Richardson,  Dr,  on  non  •  coagulablo 

blood,  i.  258  —  researohes  on  the 

blood,  260. 
Richerand,  the  blood  discs  denied  by, 

L  245. 
Rickets,  cause  of,  L  100. 
Rigidity,  as  a  sign  of  death.  H.  449. 
Riolan,  the  opponent  of  Harvoy,  L 

817. 
Roasting,  action  of,  on  meat,  L  154. 
Robin,  C,  on  the  blood  discs,  L  249. 
and  Verdeil,  views  of,  as  to 

oxidation  of  caxbcn  in  the  organism, 

L  441. 
Rolando,  hypothesis  of^  regarding  the 

nerves,  if.  14  noU. 
Ross,  Sir  John,  on  the  relations  of  diet 

and  cold,  L  184. 
Rotifera,  suspended  animation  in  the, 

11418. 
Roughness,  the  sensati'm  of,  ii.  291. 
Rousseau,  E.,  on  pulsation  of  the  heart 

after  death.  1.  886. 
— ^—  J.  J.,  his  argument  for  vegeta- 
rianism, L  178. 
Rudbeck,  discovery  ol^  regarding  the 

lymphatics,  L  817. 
Ruminants,  the  blood  diacn  in,  1..247. 
Runge,  views  of,  on  the  drculatibn,  i. 

811. 
Rush,  on  the  effiacts  of  race  on  hero- 

ditary  transmission,  ii.  407. 
Russian  bath,  the.  L  439. 
Rujnsch,  researches  of,  on  coagulation 

of  the  blood,  L  257. 
Rye,  albumen  in,  i.  124— gluten  in, 

12B — ^meal,  suofar  in,  139. 
Rye,  estimate  of  weight  of  food  by,  1. 

186. 

Baoaret.  M.,  his  exnerlroentson  trans- 
mitted qualities  in  plants,  11.  891. 

Bago,  as  an  article  of  diet,  i.  171. 

8t  HilAire  on  horse-flesh  as  an  article 
of  diet.  L  160— error  of,  regarding 
Descartes  and  Harvey,  810  noU—ou 
the  influence  of  the  parents  as  to 
ooloiu:,  LL  899— on  hybrids  between 
wolf  alid  dog,  40^). 

Bt  Martin,  Alexis,  the  case  of.  1.  81*1 

Salamander,  tiie,  re^iratory  organs 
in,  L  862— observations  on  division 
of  spinal  cord  of,  U.  189. 

Salamandra  atra,  the,  L  248. 

Saliva,  the,  action  of,  on  the  food,  i. 
194 — ^influence  of,  on  the  digestion 
.of  albuminous  substances,  212. 

&ilivary  glands,  the,  L  196— may  ba 
cut  off,  199. 

Salmon,  difficulty  of  digesting,  i.  166. 

Salt,  presence  and  importance  of,  in 
the  body,  L  103 — uites  of,  in  pro- 
moting endosmose,  105, 107 — ^its  no- 
tion oouoentrated  and  diluted,  Hi, 
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Salts,  proporUan  of,  in  the  body,  md 
their  importance,  i  9d— amount  o( 
in  blood,  962. 

Salt  bath,  effects  of,  on  thirst,  i  84. 

Samoyedes,  gluttony  of  the,  L  18Su 

Sanctoxius,  estimate  of  weight  of  food 
by,  i.  186. 

Sap,  Draker  on  the  motion  of,  in  plants, 
1.889. 

Sauvages,  cases  of  abstinence  from 
liquids  reported  by,  i.  48. 

Savart,  M.,  on  the  lowest  sound  audi- 
ble, ii.  823. 

Bcsui-skin,  process  of  the  waste  and 
repair  of  the,  ii.  860. 

Schaffhausen,  sale  of  horse-flesh  in,  1. 
162. 

Bcherer  on  inosite,  L  189. 

8chi£E;  Profeasor,  on  nervous  sensi- 
bility, ii.  34  no(e--experlments  of, 
regardiug  the  grey  aiKi  white  mat- 
ter of  the  spinal  cord,  89  note— expe- 
riments and  views  of,  r^parding  the 
function  of  the  cerebellum,  127— ex- 
periments of,  on  Floiirens'  vital 
point,  146 — views  of,  regarding  the 
spinal  cord,  231— on  t£e  so-called 
muscular  sense,  280— on  the  so-called 
tactile  corpuscles,  1^8 — on  sensation 
after  amputation,  296. 

Sohirmer,  views  of,  as  to  oi^gan  of 
taste,  ii.  801. 

Bohmidti  experiments  of,  with  regard 
to  bats,  ^.,  L  90,  92— on  the  sol- 
vent power  of  the  gastric  Juice, 
814. 

Schouw,  definition  of  the  bread  coun- 
tries by,  L  172. 

Sohroeder  van  der  Eolk,  his  observa- 
tioDS  on  the  gastric  juice^  i.  2V2,  214 
— views  of,  on  the  neceraity  of  the 
bratn  to  sensibility,  ii.  85  lUXe— as  to 
the  cerebellum  and  spinal  cord,  127 
nof«— on  the  medulla  oblongata,  141 
^-fljid  on  the  spinal  cord,  164  and  noit 
—the  alleged  reflex  fibres  of.  178  U 
teq. — on  Ftltlger's  experiments  cm 
decapitated  animals,  248 — and  on 
those  of  SsokHlski,  267 — ^hhi  mode  of 
making  microscopic  preparations, 
S71— views  of^  on  the  muitcular 
sense,  282. 

Bchults,  C.  H.,  his  views  on  the  sa- 
liva, L  195. 

Schwann  on  the  chemical  action  of  the 
saliva,  i.  196  —  appU'jation  of  the 
cell  theory  to  animals  by,  iL  426. 

Sciences,  the,  different  diMmes  of  pro* 
blems  submitted  to  eadi,  i.  66. 

Scientific  explanation,  distinction  be> 
tween,  ana  common  observation,  L 
192 

Sclerotic  membrane  of  the  eye,  the, 
ii.  826. 

Soorosby,  Bev.  Dr,  on  spectral  iUu- 
sionsi  ii.  886. 


Scorpion,  powsr  of  sibsftiiMnee  of  Qm^ 
L  12. 

Sourvy,  cause  of,  at  aea,  i.  148L 

Sea  anemooes,  the,  digastian  io,  L IM 
and  note. 

Besrhare^  action  of  the  Intestiiial  jviee 
in  the,  L  229— nervous  system  ef 
the.  compared  with  that  of  the  in- 
sect, ii.  96. 

Sea-weeds,  temperature  of,  L  468. 

Seal,  the,  its  power  of  abstinence.  L 
12— quantity  of  bk>od  in,  273— ex- 
cretcoy  function  of  tkM  hair  in  the 
foetus,  287. 

Seamen,   command 
sessed  by,  ii.  864. 

Seasons,  the,  influence  ot  on  animal 
temperature,  L  486  tt  teq. 

Secretion,  function  oC  noccontlnaoni^ 
iL488. 

Seeberg  and  Ericksen  on  the  TMiftlh^ 
oUacatory  nerves,  iL  809. 

Seeing,  relations  of,  to  vmrioos  mns- 
cular  adjustments,  ii.  286.  Sa 
Sight 

Sensation,  mjrstexy  of,  iL  1— inoonidst- 
eucy  of  current  views  rsgaxding,  47 
— relationa  of,  to  oonsdousneai,  i^— 
proposed  restzle^u  of  the  term,  64 
—■illustration  of  reflex  aeticn  folkvw- 
ingon,  68 — the  active  state  of  sensi- 
bility, 69^-can  it  exist  withont  per* 
ception,  61— illustntians  of  it  dur- 
ing sleep,  62  et  ««;.— distinction  be- 
tween, and  imprsasion  and  percep- 
tion, 69— drcumstanoea  which  de- 
teimtne  the  kind  of,  89<-4ts  sQeged 
dependence  on  the  brain,  86— 4he 
cerebellum  as  a  seat  ot  188— the 
views  of  Sir  Charles  Bell  on,  148, 
144— proob  oC  in  headless  animals, 
177,  289  el  ««.— blending  of  thoui^t 
with  percepoon  in  eauneetlon  wtth, 
848. 

Sensations,  the  nerves  which  convey, 
IL  84— the  isolation  oC  byattsnikn, 
61— iUustration  of  this,  6ft-dillflr- 
ence  between  oonsciousneas  of  and 
attention  to  them,  68— iUustnution 
of  perceived  and  unperoeived,  64— 
nevw  self-terminating,  66— ooocor- 
rence  of^  to  form  the  general  eon- 
sdouaness,  66 — those  which  give 
rise  to  that  of  existence,  66— tbpse 
derived  through  the  muscular  senses 
67— the  svstemic,  68— alleged  dqien- 
dence  of,  on  the  oarebmm,  106— 
sense  and  systemie,  117 — impoT' 
tonce  of  guiding,  in  the  animal  me- 
chanism, 168— action  ci,  in  exciting 
other  sensations,  208— influence  <m 
ideas  of,  in  guidlxig  actions,  216— de- 
finition of,  276— how  diSbrent  kinds 
are  determined,  276— spedalissd 
difbrent  organs,  t&  tt  ttf. 
fled  into  systemie  and 
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'  orgnnle,  279  — rartMse,  288  — how 
those  c^  touch  are  locallsedt  288 — 
deyelopnient  of  thia  power,  295,  296 
— subjective,  rdatioiis  of,  to  dream- 
ing, dC7. 

Bense,  the  spedal  oi^Kans  of,  difference 
between  their  sonaibUity  and  that 
of  the  skin,  ii.  291. 

BeAsea,  the^  number  of,  ii.  278  «t  wg.— 
objections  to  the  number  five,  274 — 
difficulties  regarding  the  number, 
276— the  diflbifent  organs  specialise 
the  sensations,  ^6— the  muscular, 
280— Tahie  of^  in  wamhig  against 
danger,  808 — touch,  292  «t  nq. — 
taste,  800  d  mq.— smell,  806  «(  »iq. — 
hearing,  817  et  atf. — sight,  825  et  atq. 
— Klormanoy  cf,  during  sleep,  848^- 
partial  inactivity  of,  during  sleep, 
and  relations  of  this  to  dreaming, 
9i6S€t*eq. 

SeuM-consdoosness,  definition  of  the, 
1L77. 

Bense  sensations,  relations  ot  to  intel- 
lect, iL  117— what,  278,  291  el  teq.— 
undue  Importance  given  to  the,  tt44. 

Sensibility,  definition  of,  iL  8-^he 
property  of  the  nerve  centres,  13, 
24 — what  it  is,  19— tiie  property 
of  all  ganglionic  tissue,  24,  40— 
the  current  views  ol^  as  limited  to 
the  brsin,  46— inconsistency  of  those 
regarding  its  relatioiis  to  sensation, 
47-~thd  soHsalled  unocmsdous,  48 — 
general  statement  of  the  law  of,  55 
—sensation  the  active  state  of,  69 — 
the  current  clasaiflcation  of,  into 
oonaoious  and  unoonsdous,  72 — 
nervous,  analogous  to  mosoularcon- 
tractUity,  78— the  common  property 
of  all  nerve-centres.  82  — ciraim- 
stauoes  which  regulate  the  form  of^ 
ib. — the  current  views  of  the  neces- 
sity of  the  bmia  to  it,  86-Hre]atiqin8 
of  the  cerebrum  to,  118— popular 
subdivision  of  the  forms  manifested 
by  the  latter,  114— hypothesis  pro- 
posed regarding  this,  115  et  Mg.— 
proof  that  it  is  common  to  all  gan- 
glia* 179 — analogy  between,  and 
muscular  contractility,  195— the  de- 
velopment oC  in  connection  with 
complexly  of  the  oTKanism,  277 — 
activity  of,  during  sleep,  849. 

Senaori-moior  actions,  the,  iL  198. 

Bensoiium,  position  of  the,  iL  40. 

— —  oommune  of  the  physiologHLsta, 
the,  iL  40— current  views  regaxtUng, 
84— of  PmclMska,  the,  167  tt  sag. 

Bensory  and  motcn:,  the  distmction  of 
nertes  into,  iL  21,  26  <<  «ol— defini- 
tion of,  26— examination  ox  the  ques- 
tion, 81  et  s«9.— reaoaichea  on,  and 
their  results,  84. 

Bensory  ftmction,  the  anterior  ni 
proved  to  possess,  ii.  88. 


Sepoy,  the,  oomparod  with  theOaucfao, 

Serum  of  the  blood,  the,  L  256. 

Bervetus,  discovery  of;  rogarding  the 
circulation,  L  800. 

Sex,  relations  of,  to  animal  heat,  L  481. 

Bheep^  the,  plants  reacted  by,  L  62— 
experiments  on  fbedlng  on  teimlps, 
88— and  on  cross-breeding,  ii.  407. 

Sheeps'  feet  bones,  feA  in,  L  185. 

Siam,  clay-eating  in,  L  54. 

Siamese  twins,  differences  of  charao- 
ter  between  the,  ii.  879. 

Siberia,  day-eatiog  in,  L  54. 

Sighing,  what,  i.  899. 

Sight,  proofs  of  retention  of.  aiter  re- 
moval of  cerebrum,  iL  108  — the 
sense  of;  826— ^he  eye  as  the  ox^^an 
of,  t6.— ^lescription  of  it.  8t6— vari- 
ous theories  of,  827— error  of  the 
popular  conception,  88^-^the  image 
on  the  retina  not  transmitted  as 
such  to  the  brain,  ib.  et  «a9.~wbere 
is  the  image  formed?  829— shewn  to 
be  not  on  the  retina,  882  el  m;.— 
Professor  Dra^r's  theory  of  it,  888 
et  $eq. — ^ita  subjective  character,  834 
— spectral  illusions,  885— duration 
of  impressions  on  the  eye,  838— ein- 
gle  vision  with  two  eyes,  889  d  »eq. 
— coses  of  double,  840— why  objects 
are  not  seen  inverted,  841. 

Simon,  John,  on  the  blood,  i.  lid- 
eras  of  life  as  defined  by,  iL  486, 437. 

Singing,  a4)nstment  of  the  muscles  in, 
bow  directed,  iL  286. 

Skin,  the  scarf  and  the  true,  L  85— 
respiration  by  the.  856— the  move, 
meut  of  the  muscular  fibres  of,  ii.  89 
— views  of  Schiff,  fta,  on,  in  regard 
to  the  muscular  sense,  282— univer* 
sal  sensativity  of,  289— different  de> 
grees  of  this,  290— its  different  forms, 
291— difference  between  it  and  the 
special  oi^gans  of  sense,  i6.— oold- 
neaa,  Aa,  of  the,  aa  a  sign  of  death, 
449. 

nerves,  what,  IL  89— unaffected 

by  the  Woorara  poison,  79. 

Sleep,  effects  of  extreme  thirst  on,  L 
49— effects  ot,  on  respiration,  898 — 
illustrations  of  sensation  during,  IL 
62  et  «fg.— action  of  the  spinal  cord 
during,  267— what  is  it?  846-diffl- 
culty  of  defining  it,  847, 849— its  phe- 
nomena, i6.— no  analogy  between  it 
and  death,  and  no  antagonism  be- 
tween it  and  life,  848— held  by  some 
to  be  the  normal  condition,  i6.— Sir 
H.  Holland's  view  of  it,  849— «  con- 
stant oscillation  between  sleeping 
and  waking,  i5.— gradual  transition 
firom  waking  to,  850  e<  teg,— the  im- 

Eulse  to  it  irrenstible,  852— cases 
lustmting  this,  ib.  et  eeq. — eflfects 
of  cold  in  inducing,  ib.  et  sag.,— ex- 


480 


INDEX. 


amplM  of  ooromand  orw,  854— 4ieafc 
BA  a  pradlBpofling  cause,  ib. — ten- 
dency to,  In  church,  855~preTflated 
by  oold,  cerebral  exeUament,  Ite., 
856 — its  duration,  ib. — anurant  of,  at 
dUrereot  aces,  858— does  nutritiaa 
go  on  ofaiefiy  during  it,  ib. — its  re- 
•loratiTe  influenoe,  861— produced 
by  (emponry  oongeetion,  863 — how 
preTented  oy  over  fatigue^  804— 
dreama,  866. 

Bleeplessneae,  why  attendant  on  star- 
vation,  i.  22. 

SlufT.  loea  of  weight  by  the,  daring 
want  of  food,  i.  19— the  blood-TeeseLi 
of,  814. 

Small  intestines,  what,  i.  819. 

Bmeli,  iU  relations  to  taste,  IL  804— 
the  sense  of,  S06-^the  ovf^ans  of,  807 
—the  so-called  olfactory  nerves  not 
essential  to,  810  el  m}.— only  affected 
by  substsmoes  in  gaseous  state,  814 
—Graham  on  it,  ib. — Tarieties  of 
sensibility,  taste,  Ac.,  in  regard  to 
it,  815— its  uses,  816 — ^its  keenness 
in  certain  circuxnstancee,  4b. 

Smith,  Dr  F..  obeervations  on  Alexis 
St  Martin,  by.  i.  202. 

Smoking,  ixiflutoioe  oi,  on  digeation,  I. 
236. 

Smoothness,  the  sensation  of,  U.  S^l. 

Snake,  effects  of  division  of  spinal 
cord  on  a,  11. 186  tt  uq. 

Snakes,  power  of  abstinence  of,  L  12. 

Snow,  thirst  aggravated  by,  i.  110. 

Soil,  oiiganic  principles  neoessuy  in, 
to  plants,  L  97. 

Solauder,  Dr,  anecdote  of.  iL  862  «C  $eq. 

SolanesB,  the,  rejected  by  the  goat, 
Ac.,  i.  62. 

Soldier,  dietaxy  of  the,  L  188. 

Soldiers,  command  over  sleep  pos- 
sessed fay,  ii.  864. 

Solly,  Mr.  report  fay,  of  a  case  of  the 
cerebellum  wanting.  iL  129. 

Somnambulists,  peculiarity  r^parding 
the  dreams  of,  11  878. 

Soul,  the,  animates  the  whole  body, 
il.  224,  226. 

Soul-sensations  of  Prochaska,  the,  iL 
42. 

Sound,  the  sensations  of,  how  heard,  iL 
817— mtensity,  pitch,  and  qiialitv  of, 
822— the  highest  and  lowest  audible^ 
ib.    Set  Hearing. 

Sounds,  eflfects  of  haUtusl,  as  regards 
sensatloQ  and  oonsdousness,  iL  60— 
aiibiective,  bow  oauaed,  824— appre- 
dation  of  the  direction  of,  «6. 

Soup,  prepared  by  slow  boiling,  L  166. 

SoupiB,  nutritive  powers  oC  L  129. 

South  America,  olay-eatlng  hii,  L  64. 

SpaUansani,  the  experiments  of,  on 
digestion,  L  904— experiments  by, 
on  the  drculaticm,  842— researches 
d,  on  respiration,  869^  89S— obiMw 


vations  of,  on  the  ta«Ipfde,  SSl-^M 
temperature  and  reqwratlon,  ¥n. 

Spawning,  inteiuxi^  of  fish  after,  L 
166. 

Spectral  OliisionB,  theory  of,  iL  836. 

Spencer,  Herbert^  rtftfiritrimi  of  life  bj, 
iL425. 

Spices,  thirst  increased  by,  L  88. 

Spider,  power  of  abstinence  of  Om, 
L12. 

Spiders,  respizatory  organs  in.  L  982L 

Spiess,  views  oi^    on   the  muaoular 
•sense,  iL  282. 

Spinal  cord,  the,  a  seat  of  aanability. 
iL  28— oompoidtion,  Ac.,  of  tbe^  25 
tt  sag.— disuibutian  of  the  nerve- 
roots  on,  88— alleged  difference  of 
fbnction  between  the  two 
oC  89  noU — positions  of  the 
and  wtiite  matter  in  it, 
tlve  weight  oC  in  diilerent  aniniaia. 
97— euppoeed  dependence  of,  on  the 
cerebrum,  lli>— effects  of  division  of 
in  different  ways,  1<6— relations  of 
the  medulla  oblongata  to.  138— its 
structura,  161— old  hypothesss  r»> 
garding  it,  162— anterior  and  poste- 
rior aspects  of  nerves  and  cora,  153 
— transveise  section  of  it,  ISA,  \b&— 
its  nerve  cells,  156— views  regarding 
these,  157 — it  shewn  to  be  a  series 
of  ganglionic  centres,  158— Manhall 
Hall's  observations  on  division  o( 
186  H  Mf.— criticism  on  his  conclu- 
sions, 187  i(  M}.— Chninger^s  expcri- 
menti,  Ao.,  189— as  a  swisatjonal 
and  voUtianal  centre.  226— views  of 
earlier  writers  on  it,  226  H  mql — 
error  of  the  reflex  thenry  regarding 
it,  2<9— deduoi  ive  evidence  in  flavour 
of  its  sensational  character,  231— its 
similarity  of  structure  to  the  bnin, 
232  and  to  the  medulla  oblongata, 
288— stmilariti  ' 
inferred  from  this,  le.  <c  mi. 
tlve  evidence  that  it  is  a  seat  of 


Itv  of  property  to  be 
.  this,  ib.  tt  tmi. — indoo- 
>  that  it  is  a  seat  of 
ition,  Ac,  287— spontaneity  and 
choice  in  deoapitated  animals,  238 
tt  M9.— experiments  shewing  results 
of  its  divlnm,  249— divirion  orfgi- 
nates  two  nervous  centres,  snd  er- 
rors arising  from  disregarding  this, 
261  «t  sif.— evidence  against  ns  sen- 
sibility,  269— examination  of  the 
evidttioe  from  patients  with  dissased 
nrines,  260  ^  ma. — its  proportion  to 
the  brain  in  dioerant  animals,  S65-« 
what  part  it  plays,  266-^)n>bable 
character  of  its  sensibility:  267— ml- 
orosoopic  preparations  of  i^  ttiittttq, 
\^  the,  destitute  of 
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Spine,  disease  of  the,  examination  of 
evidence  from  attendant  pheno- 
mena against  the  sensibility  of  the 
4pinal  cold,  iL  200. 
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Spleen,  the,  its  posltioD,  1.  230,  820. 

Bpontuidty,  in'oof 8  of,  after  removal 
of  the  bram,  U.  184  et  atq. — how 
maolfested  by  azilmals,  287 — how 
originated  in  them,  888— aa  a  meana 
of  recognising  eensation  and  voli- 
tion, 289 — incUeationa  of  it  in  decapi- 
tated animala,  ib.  et  seq. 

Stagbeetle,  power  of  abatinence  of  the, 
i  12. 

Stahl,  the  doctrine  of,  req^ording  the 
soul,  ii.  224— definition  of  life  bv,  425. 

Stallion,  influence  of,  in  borse-oreed- 
ing,  ii.  891  eiieq. 

Stapes  or  sUrrup,  the.  In  the  ear,  ii. 
821. 

Starch,  how  classed  by  Liebig,  L  71 
— as  an  alimentary  principle,  188 
—  Intestinal  action  on,  219 — con- 
verted into  sugar  by  the  saliva,  196 
et  uq. — action  of  the  pancreatic  Juice 
ou,  226,  227. 

Starvation,  the  last  gradation  of  hun- 
ger, i.  3 — ^its  effects  on  the  blood,  8 
^periods  when  death  ensues  from, 
12— the  aspects  of,  21 — ^its  effects  on 
the  nervous  matter,  <6.— sleepless- 
ness attendant  on  it,  22— its  ago- 
nies, 25— case  of  voluntary,  26. 

State,  the,  the  family  not  the  type  of, 
i.  66. 

Steam-engine,  the  comparison  of  the 
body  to  a,  L  7. 

Steinbudk,  the,  its  power  of  subslst- 
inff  without  vrater,  i.  48. 

Stethosoope,  -value  of,  for  determining 
the  reality  of  death,  ii.  451. 

Stevelly,  Professor,  on  spectral  illu- 
sions, ii.  835  et  «eg. 

Stich  on  the  taste  of  gases,  ii.  802. 

Stilling,  his  mode  of  microsoopio  pre- 
paration, ii.  270. 

Somulation,  carbonic  add  the  agent 
of,  in  the  blood,  i.  281  et  eeq. 

Stomach,  the,  effects  of  prolonged  ab- 
stinence on,  i.  24— emptiness  of,  not 
the  cause  of  hunger,  28, 29— the  food 
in  it  still  outside  tho  organism,  81 — 
the  seat  of  the  sensation  of  him- 
ger,  ii— its  state  in  the  fasting  ani- 
mal, 82 — i£  suffar  ix\Jurious  tof  140, 
141— process  of  digestion  iu,  201  et 
4«9.— its  mechanical  action,  202— its 
chemical,  204 — amount  of  digestion 
in,  215— action  of  the  gastric  juice 
on  it,  216— digestion  in,  lurested  by 
bile,  82a— its  posiUon,  ^to.,  230,  231, 
880. 

Stone,  the,  arrested  by  vegetable  diet, 
L  175. 

Strawberries,  sometimes  pemidons, 
L  60. 

Structxu^,  identity  of,  implies  iden- 
tity of  properties,  ii  81— relation  of, 
to  property  in  nerves,  82. 

Subjective  sounds,  what,  iL  324. 
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Sublingoal  gland  and  seeretion,  the, 
L  196— jposition.  ice,  of,  280, 231, 820. 

Submaxiilary  gland  and  secretion, 
the,  L  196— poaition,  4c.,  of,  830, 
231,  320. 

Sudoriparous  or  sweat  glands,  eee 
Sweat. 

Sue,  J.  J.,  views  of,  on  the  spinal 
cord,  ii.  286. 

Suffocation,  effects  of,  on  coagulation 
of  tho  blood,  L  259  —  case  of,  by 
charcoal  ftimes,  847 — ^by  drowning, 
848— identity  of  death  in  these,  349 
—causes  of,  and  phenomena  attend- 
ing  it,  383— deaths  fh>m.  387. 

Sugar,  case  in  which  pexnidous,  i.  60 — 
how  classed  by  Liebi?,  71  —  action 
of  yeast  on,  113— experiments  on 
injection  of,  117 — ^proportion  of,  in 
miUc,  119— aa  an  alimentary  prin- 
dple,  138  et  eeq. — stargh  converted 
by  the  saliva  into,  196  d  seq.—pr^ 
sence  of,  in  blood,  263. 

Sugars,  necessity  of,  in  food,  i.  120 — 
^tion  of  the  gastric  Juice  on,  206 — 
results  of  stomachic  action  on,  215. 

Suidde  by  starvation,  eaae  of,  i.  25 — 
by  chanioal  fumes,  847— by  drown- 
ing, and  identity  ox  these  two,  848. 

Si^phur  as  an  alimentaiy  principle,  i. 
148. 

Sunlight,  effects  of,  on  respiration,  L 
371,  398. 

Surface^  respiration  by  the,  i  856. 

Surface-sensations,  what,  ii.  288— one 
of  the  classes  of  systemic  sensations, 
279. 

Suspended  animation,  illustrations  of, 
ii.  418. 

Swammerdamm,  the  blood  discs  dis- 
covered by,  i.  244— experiment  of, 
on  tying  the  aorta,  279— reception 
of  Harvey's  doctrine  by,  310. 

Sweat  gUmds,  action  of  the,  and  re- 
presentation of  one,  L  35,  418.  See 
also  Perspiration. 

Sweets,  effects  of,  on  flavour  of  wines, 
ii.  806. 

Sweetbread,  albumen  in,  1.  123  — 
fibrine  in,  ib. — as  an  article  of  diet, 
audits  composition,  169.  Set  also 
Pancreas. 

Sweet  flag,  aftertaste  from  the,  ii.  305. 

Swimming,  shewn  to  be  not  a  reflex 
action,  U.  257. 

Syntonin,  what,  1  124,  257. 

Systemic  conadouaness,  what,  iL  74 
etteq. — ^importance  of  it,  344 

— —  sensations,  tho,  ii.  68,  278  et  tea. 
— ^that  of  thirst,  i.  46— relations  of, 
to  emotion,  LL  117— their  influence 
in  dreams,  372. 

Systole  of  the  heart,  what,  i.  320. 

Ssokalskl,  experiments  on  brainless 
animals  by,  and  his  deductions 
from  them,  U.  857. 
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Tactilb  corpuscles,  the  so-cftlled,  U. 
292— not  tactile  orsims,  208. 

Tsdpole,  the,  development  of  the 
blood  in,  1.  278  note — circulation, 
ftc.,initatail,86L 

I^EUinin,  after-taste  of,  IL  805. 

Tawte,  the  medulla  the  centre  of  the 
nenrea  of,  ii.  lS(^-the  sense  of,  800 
— ^the  tongue  as  Its  oi^gan,  i6.— -other 
views  held  as  to  Its  oq^an,  801 — 
solution  necessary  to  it,  t6.— excited 
by  mechanical  and  electrical  sti- 
muli, 302  —  its  use  in  wamin(( 
against  deleterious  substances,  803 
— relations  of  smell  to,  804 — after- 
tastes, 806  —  variety  neoessaxy  in 
relation  to,  ift.— excited  thitugh  the 
blood,  800. 

Tea  as  an  article  of  diet,  i.  175, 179— 
effects  of,  on  respiration,  871. 

Teeth,  the,  is  sugar  iniiuious  to,  i. 
140, 141— action  of,  on  the  food,  104 — 
importance  of  it,  200. 

Tenoperament,  origin  of  differences  of, 
L69. 

Temperature,  influence  o(  on  the  de- 
mand for  food,  i.  6— Alleged  Influ- 
ence of,  as  to  character  (n  dietaxy, 
87— effects  of,  in  Messrs  Lawee  and 
Gilbert's  experiments,  88  tt  Mg.— 
influence  of,  on  the  circulation,  842 
—on  respiration,  400— on  perspira- 
tion, 419— and  on  the  breathing  of 
the  frog,  Ac.,  468— the  sensation  of, 
IL  142 — this  received  through  the 
ddn,  289— efflBct  of  destruction  of 
epidermis  on  sensibility  to,  298 — 
difference  in  right  and  left  hand  as 
'  regards,  ib. — relations  of,  to  vision, 
888  a  M9.~<lependence  of  chemical 
action  on,  419. 

Tepid  drinks,  influence  of,  in  allaying 
tiilrst,  i.  46. 

Tetanus,  effects  of,  on  animal  heat,  i. 
446. 

Theine,  different  eflbcts  of,  in  different 
conditions,  i.  110. 

Thermo-electrometer,  the,  i.  409. 

Thigh,  tactile  sensibility  of  the,  iL 
297. 

Thinking,  see  Thought 

Thirst,  the  sensation  of,  1.  88— its  prl- 
maiy  cause,  84— rapidity  of  death 
from,  87— suffering  fhnn  it,  88— the 
Black  Hole  of  Calcutta  as  an  lllus- 
tiation  of.  ib.  et  $«q. — tepid  drinks  or 
ice  best  for  allaying,  46— the  effects 
of,  49— kiUs  by  an  inflammatory 
fever,  ib. — aggravated  by  snow  and 
allayed  by  ice,  110. 

Thoracic  duct,  the,  position,  ftc,  of^ 
L  280,  231,  820. 

Thought,  mystery  of.  ii.  1— the  blend- 
ing  of,  with  perception,  843. 

Thoughts,  how  they  are  conteoUed,  U. 
817. 


Thought-eonsdousnesa,  duflnitJnn  of 
the,  ii  77. 

Ticking,  the  sensation  of.  doe  to  the 
nerve  filaments  of  the  skin,  iL  280. 

Tight-ladng,  effSscts  ol^  qn  rfupiTatitm, 
1  867. 

Tissue,  what  it  is,  L  8— vaiioua  kiadc 
of,  4. 

Tissues,   the,  non-nitroaenoos  sob- 

'Stances  essential   to,   L  76  — how 

nourished  by  the  blood,  885~their 

waste  and  rqpair  oontinuooa,  iL  SfD. 

861. 

Tissue-making  foods,  IAeti^%  L  Tl. 

Toads,  respiratory  organs  m,  L  802— 
the  winter  life  of,  452— eo^Mnded 
animation  in,  iL  418. 

Tobacco,  inflnenoe  of,  on  digestion,  L 
286. 

Todd  and  Bowman  an  the  nervoos 
system  of  tiie  heart,  L  889— on  the 
motor  and  sensory  nerves,  iL  82— 
on  sensation  and  perception,  69— oo 
the  brain,  84— on  the  so-caDed  ol- 
factoiy  nerves,  308. 

Tones,  tne  effect  of,  ii.  828. 

Tcmgue,  the,  comparative  senslttve- 
ness  of,  it  290— more  sensitive  as  to 
touch  than  the  hand,  292— tactile 
sensibility  of  its  tip,  297— as  the 
organ  of  taste,  300,  801. 

Tortoise,  effects  of  removal  of  tiia 
brain  on  a,  iL  184. 

Total  absttnenoe,  errors  of  the  advo- 
catesof,  L  142  cCm}. 

Touch,  the  sensation  of^  IL  142,  201 — 
the  sense  of,  292  et  Mg. — localiaiDg 
of  its  sensations,  298  et  Mg.->Ki«velop- 
ment  of  this  faculty,  296  senwfhi- 
lity  of  various  parts  of  body,  297 — 
—effect  of  desbiictiaQ  of  ^dermis 
on  it,  298— the  prooess  of  looaliaa- 
tion,  299. 

Towns,  proposals  to  purify  the  air  of; 
by  trees,  i.  894,  895. 

T^wchea,  the,  L  295— its  ofBoe  In  re- 
spiration, 864. 

Tnuisfusion  of  blood,  the,  L  274  H  mq. 
— when  applicable,  277. 

Trees,  proposals  to  plant  in  dtles  to 
purify  the  air,  L  804. 

1^-eviranus,  definition  of  lifb  by,  iL 
424. 

Trtpe  as  an  article  of  diet,  i,  169. 

Triton,  the,  its  blood  diiies,  L  246— 
circulation  after  removal  of  the 
heart  in,  826— phenomenon  on  open- 
ing one,  ib.  wMe— respiratoiy  argtaut 
in,  862— the  lung  o^  86a-^eeapi- 
tated,  experiments  as  to  awmatfon 
in,  iL  289,  248  e(  «m.— experiments 
on  divirion  of  spinal  ooni  ot,  249  tf 
se;.— proportion  of  the  spinal  card 
to  the  brain  in,  265,  266. 

Trituration,  prooess  oA  in  digestion, 
L193. 
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TroDlcal  vegetables,  the,  L  171. 

Turkey,  time  in  which  digested,  i 
lAO. 

Turnips,  experiments  on  feeding  sheep 
on.  1.  88--gluten  in.  128. 

Turtle,  Marshall  Hall's  observations 
on  a  headless,  ii.  180  et  »eq. 

Twins,  differences  of  chaiacter  be- 
tween, ii.  870. 

Tympanum  of  the  ear,  the,  IL  819— itsv 
integrity  not  essential  to  hearing, 
ifr.— part  it  ploys,  820. 

UtrooBBCiOTm  sensibility,  the  so-called, 
iL  47— error  of  physiologists  regard- 
ing, 65,  72. 

Unfelt  sensations,  so  called,  ii.  47. 

Uterine  veins,  the,  destitute  of  vidves, 
t807. 

Yaltsttk,  estimate  by,  of  quantity  of 
food  required,  L  180— on  the  rela- 
tions of  sensitiveness  to  the  abund- 
ance of  nerve  filaments,  iL  290— 
views  of,  as  to  the  oigan  of  taste, 
801— on  the  waste  of  the  tissues 
during  hybernation,  861. 

Van  Oven,  cm  the  causes  of  life's  de- 
cline, ii.  440. 

Ynpour,  exhalation  of,  in  respiration, 
1.868. 

Veal,  muscle  of,  albumen  in,  L  188 — 
and  flbrine,  U>. — why  less  digestible 
than  beef,  162— time  in  which  di- 
gested, 168. 

Vegetables,  albumen  and  fibrlne  in,  1. 
124— as  articles  of  diet,  171— intes- 
tinal digestion  of,  219. 

Vraetable  albtmien,  how  olssslfled  by 
Lieblg,  L  71 — ^Mulder's  discovery  re- 

•    gardinff,  118. 

life,  influence  of,  on  the  atmo- 
sphere, L  894. 

matters,  results  of  stomachic 


action  on,  L  215. 

Vegetal  life,  what,  iL  430— common  to 
plants  and  aninuUs,  ib. — its  organs 
not  invariably  single,  481 — the  so- 
called  law  of  contmuify  as  charao- 
terising,  482. 

Vegetative  organs,  the,  said  to  be 
^ven  by  the  female,  iL  891,  898. 

Vegetarianism,  arguments  against,  i 
178. 

Veins,  the,  injection  of  food  into,  1.  80 
— und  of  water,  84 — error  of  the 
ancients  regarding,  297,  298— dis- 
oovex7  of  their  valves,  805— these 
not  always  present,  807. 

Vena  eavo,  the,  L  280,  294,  820— des- 
titute of  valves,  807— in  the  fish, 
824. 

Venison  steak,  time  In  which  digested, 
L157. 

Venous,  when  the  blood  becomes,  L 
242. 


Venous  blood,  distinction  between, 
and  arterial,  L  265— eometimes  scar- 
let, 269— views  of  the  ancients  re- 
garding, 298. 

Ventilation,  necessity  of,  L  872  el  nq. 
— ^increased  attention  to,  in  Eng- 
land, 378— experiments  shewing  ilEs 
importance,  874. 

Ventricles,  the,  L  298,  294— in  the 
Ush,  824. 

Verdeil  on  the  effect  of  vegetarianism 
on  the  Uood,  L  175. 

Vertebral  oolimm,  relations  of  the 
cerebellum  to  the,  iL  127. 

Vertebrate  animals,  progression  and 
variety  of  cerebral  development  in. 
IL  90  a  ieq. 

Vesalius,  discovery  of,  regaiding  the 
heart,  L  29»— ntian  not  the  Illus- 
trator of  his  work,  ib.  note— case  of 
pulsation  after  death  experienced 
by,  886. 

IHces,  herodltaiy  transmission  of,  U. 
885. 

l^oq-d'-Azyr  on  the  mule,  iL  890. 

Vienna,  consumption  of  horse-flesh  in. 
L168. 

VieuBsens,  seat  assigned  the  senso- 
rium  by,  iL  41. 

ViUedieu,  tiie  Abbi  dc,  case  of,  L  59. 

Vinegar,  use  of,  L  148— its  employ- 
ment to  keep  down  fatness,  149. 

Virchow  on  the  fllnrlne  of  the  lymph, 
L  315— on  nervous  activity  in  rela- 
tion to  nutrition,  ii.  862. 

Viscera,  the  sensationsderived  through 
the.  iL  845. 

Vision,  relations  of  animal  heat  to,  L 
427— why  single  with  two  eyes,  ii. 
889— cases  of  double,  and  explana- 
tion of  them,  840.    8m  also  Bight. 

Vital  activity,  effects  of!  on  respira- 
tion, L  808. 

force  or  forces,  the  so-called,  ii. 

415  et  uq. — fUl  to  control  chemical 
a£Bnities,  417. 

mechanism,  the,  11. 160  H  eeq. 

-principle,  the  so-called,  L  216— 


in  relation  to  animal  heat,  407— the 
old  hypothesis  of  a,  414. 

point,  the  supposed,  ii.  145. 

processes,  true  relations  of  che- 


mist^ to,  L  64. 

unity,  what,  and  its  influence. 

ii.  421. 

Vitality,  importance  of,  in  the  mecha- 
nical adjustments  of  the  oiganism, 
IL  161 — intimate  connection  of  che- 
mical action  with,  418. 

Vitiated  air,  experiments  shewing 
effects  of,  L  874  et  teq. 

Vitreous  humour  of  the  eye,  the,  IL  827. 

Vivisection,  on  the  alleged  cruelty  ot 
ii.  86  noU. 

Volatile  oils,  the,  as  condiments,  L 187. 

Volition,  alleged  dependence  ol,  on 
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the  oerebmm,  iL  105— proof  to  the 
contrary,  lOS— the  cereDellum  as  a 
•eat  of,  133 — ^relations  of.  to  the 
actions,  197  et  $eq. — Mailer's  views 
on.  208— and  Mr  Bain's,  200  et  teq.^ 
the  exhibitions  of,  in  decapitated 
animals,  239  et  9«q. 

Yolknoann,  experiments  oC  on  ner- 
vous sensibibty,  U.  34  nofe— experi- 
ments by,  on  brainless  animals,  2d8. 

Voluntary  actiona,  distinction  be- 
tween, and  involtmtary,  11.  197 — 
the  popular  view,  ib.  —  defects  of 
this,  109  a  Mtf.— nature  of  control, 
200  el  «eg.~influeDce  of  association 
of  ideas,  204  d  $eq. — ^no  eesential 
difference  between  them  and  in- 
voluntary, 205 — Mttller  on  thom, 
200  H  ttq.—Ur  Bain's  views,  209  ei 
teq  — the  link  of  feeling,  210  it  9eq. — 
influence  of  guiding  ideas,  216  et  aeq. 
— as  guided  first  by  sensations,  then 
by  ideas  of  these,  216— Mr  Bain's 
definition  of,  219 — the  control  of  in- 
voluntary. 221 — final  oondusicin  re- 
garding, 223. 

■  movement,  proofis  of,  after  re- 

moval of  the  brain,  ii.  184 — why  re- 
moval  of  the  medulla  oblongata 
arrests  it,  186. 

nervous  phenomena,  the  so- 


veyed  hv  the  blood,  241— pie'load- 
nance  of,  over  repair,  the  cause  ot 
the  decline  of  life.  ii.  441. 

Water,  prolongation  of  life  dxuinir 
starranon  by,  i.  19 — tbirsb  allayed 
by  injection  of,  34 — loss  of.  by 
breathing,  perspiration,  &a,  S5,  36 
— large  proportion  of.  in  the  bcM^, 
80— its  physiological  importanoeik  37 
—rapidity  of  death  from  abetinenoe 
from,  ib. — requirements  of  differ- 
ent animals  for,  47 — cases  of  abeti- 
nenoe trom,  48— essential  to  musde, 
77— Liebig-on  its  uses,  Ac,  in  tbe 
oi^anism,  t6.  —  prox>ortion  of  the 
boKly  it  forms,  O^indispensable  to 
the  organium,  and  its  uses  there.  101 
—effects  of  different  condi  icne  on, 
109 — proportion  of.  In  milk,  ll^~ 
effect  of,  on  the  gastric  Juios,  210 — 
the  secretlan  of  bile  increased  \j, 
222— proportion  of.  in  blood.  262. 

birds,  the  fleah  of,  aa  an  arttde 

of  diet.  i.  158. 

newt,  the  lungs  and  nroctts  of 


called,  ii.  166. 

power,  gradual  failure  of,  in 


sleep,  ii.  360. 
Von  Bibra  on  the  phosphate  of  lime  in 

tbe  bones,  L  100  note— on  the  action 

of  alcohol,  &c.,  177. 
Vulpian,  M.,  observations  of,  on  the 

tadpole's  tail,  L  861. 

Wakiko,  no  antagonism  between  sleep 
and,  ii.  848. 

Walking,  shewn  to  be  not  a  reflex  ac- 
tion, fi-  257. 

Warm  climates,  smaller  demand  for 
food  in.  i.  182. 

Warm-blooded  animals,  influence  of 
temperature  on  feeding  of,  i.  6— com- 
parison between,  and  cold-blooded, 
as  to  starvation,  10 — effSect  of  tying 
the  aorta  in,  270— their  respiration 
arrested  by  carbonic  acid,  878  et  teq. 
—effects  01  temperature  on  respira- 
tion of,  401— distinction  between, 
and  cold-blooded,  413  el  m^.— cooling 
apparatus  of^  417— respiration  and 
animal  heat  among,  446. 

Warmth,  the  sensation  of,  ii.  291. 

"Waste,  constancy  of,  in  the  organism, 
i.  4 — amount  oC  fatal  to  life,  9 — ^pro- 
duction of  anim^  heat  as  a  source 
of,  17— breathing  as  a  source  of,  18 
^-water  in  the  bridv  tbe  vehicle  ot, 
87 — ^blood  the  vehicle  for  removal 
of,  116— dimmution  of  it,  by  tea» 
coffee,  &a,  176— quantity  of;  con. 


respinttion  in,  L  363 — ^winter  life  of; 
453.    Set  also  Triton. 

Watson,  Dr,  on  the  stupeiyinff  ofifeeta 
of  cold,  i.  439. 

Dr  Forbes  on  the  diet  of  the 

Hindoos,  i.  84. 

Weber,  estimate  of  the  quantity  of 
the  blood  by,  L  272— expcrimonts 
of,  on  the  relations  of  the  pneumo- 
gastrio  nerves  and  the  heart,  IL  147 
— ^powerof  azreetingthe  beating  of 
the  heart  possessed  by,  222 — mea- 
surement by,  of  the  tactile  Beoalhi- 
lity  of  different  parts.  296— his  ex> 
periments  oo  the  effect  of  loee  of 
the  epidermis  on  tactile  aenafbility, 
208. 

Wheat,  nitrogen  in,  and  its  nutritive 
value,  i.  82— albumen  in,  124 — ffluten 
in,  127, 128 — productivenees  of,  oom- 
pived  witii  nee,  6ta,  171— Egyptian 
or  Mummv,  an  illustration  ox  aua- 
pended  animation,  ii  413. 

bread  and  flour,  sugar  in,  L  138. 

White  of  egg,  the,  as  au  alimentary 
principle,  i.  122  et  teq. 

White  fish,  digestibility  oC  L  166. 

~    ■  ■  matter  of  nervous  system,  the, 
ii.   13 — distribution  and  suppoacd 
function  oU  in  the  brain,  98. 
mustard,  oil  in,  i.  134. 


Whytt,  R.,  views  ot  on  the  seneo- 
rium,  ii  41— on  the  so-called  uncon- 
scious sensatioiu,  61 — on  luiper- 
ceived  and  perceived  sensations,  66« 
67 — views  of,  on  the  spinal  cord. 
226. 

Wild  animals,  tamed  by  thirst,  L  38. 

Will,  the  relations  of,  to  the  actiona. 
ii  197  <C  MS— Mr  Bain's  views  on 
the,  209  et  uq. 
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Willan,  Dr,  case  of  voluntuy  etarra- 
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If  the  Item  i>  recalled,  die  borrower  wl 

the  need  for  an  euiler  return.  (Noa-re< 

notices  does  not  exempt  the  borrower  fira 
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